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The experimental “area rule” 
Sabre, produced by Canadair 
Limited. A comparison with the 


standard Sabre is shown at left. 





RE SRR oS aE NO NE EE a LT ET ng AAR RA. 





EDITORIAL 





THE ROLE OF THE 
TECHNICAL SOCIETY 


I the early days of almost every art, even before 

tangible results have been achieved, its devotees have 
formed themselves into a technical society to discuss 
their common problems and to pass on the results of 
their individual experiments. This was the case in the 
formation of the Aeronautical Society of Great Britain 
in 1866, and the same pattern is evident today in the 
formation of the various Interplanetary Societies. Such 
societies are essentially amateur; their members are 
motivated only bya love of their subject and a fascination 
of its tantalizing possibilities; and, for their cause, they 
must brook a good deal of derision from a less visionary 
world. 


As the art has developed and when eventually some- 
thing useful has come of it, the old amateurism has given 
way to a no less dedicated professionalism. The character 
of the society has changed but the society has continued 
to flourish, because its members have recognized its value 
as a pool of ideas, which are the fuel of progress. Whereas 
formerly the society was in effect the sole embodiment 
of the art, where its members discussed theories and 
possibilities, it has become an essential adjunct to the 
practice of the art and a greg fraternity where its 
members can “talk shop”. And herein lies the legacy 
of the old amateurism, fon * ‘talking shop” is the hallmark 
of the true enthusiast. 


Membership of a technical society is important to 
anyone seriously intending to make ‘his career in any 
art. Such membership provides opportunities fer informal 
contacts with other people having broadly the same 
interests and these informal contacts “off the job” are 
of tremendous value when it comes to w orking together 
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“on the job”, tomorrow or in many years time. More- 
over everyone can learn something from somebody else, 
provided he is prepared to accept it. Although much of 
the information gathered at meetings and from the 
publications of the society may have little direct bearing 
on any particular member’s work, he is a better man for 
knowing it and sooner or later the knowledge will come 
in handy. (“Sooner or later” — remember we are talking 
about a lifetime career.) The members of the society 
are constantly engaged in a process of mutual education, 
whether they realize it or not; it is a broad and deep 
education and very cheap at the price of the average 
membership dues. 


A technical society is not intended to further or 
protect the personal interests of its members there are 
other organizations to do that. The purpose of a technical 
society is to impart technical knowledge and team spirit, 
and thereby to make its members better able to con- 
tribute, each in his own small way, to the common 
cause. The subtle workings of the society benefit the 
art as a whole, and those who practice the many elements 
of the art, advance with it on their own acquired merit. 


We believe that the Canadian Aeronautical Institute 
is important to Canadian aviation in all its ramifications. 
Progress has been very rapid since 1945, but ultimately 
the health and permanence of Canadian aviation must de- 
pend upon the quality of its workmanship — in research, 
design, manufacture and maintenance. By furnishing a 
medium of “education by association” the Institute can 
raise the level of ability and know ledge of those who 
man the field; every aviation career-man in Canada owes 
it to himself and to his calling to take advantage of it, 
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AMENDMENT OF THE BY-LAWS 


ennene in the near future, the voting members of 

the Institute will be asked to vote on a group of 
Amendments to the By-laws. No attempt will be made 
to include in the ballot papers a detailed explanation 
of these Amendments and the reasons behind them. It 
is considered preferable to submit the ballot papers in 
as simple a form as possible and to give a brief summary 
and explanation here. 


NEED FOR CLARIFICATION 

The Institute has been in being now for about two 
years and in that time some of the provisions of the 
By- laws have presented minor administrative problems. 
It is one thing to draw up a set of By-laws and another 
thing to apply them to day by day operations. The 
By-laws, as drawn up, were practically ‘ ‘all there” but 
certain features in everyday use were scattered bewilder- 
ingly throughout the various Articles and Sections. To 
some extent this scatter is inevitable in any set of rules 
but, in administering the By-laws, the Secretary has found 
that a great many confused questions and a good deal 
of explanatory correspondence could be saved by a 
little rearrangement. However, it is obviously undesirable 
to amend the By-laws unless it is absolutely necessary, 
and therefore the point has not been pressed. 


SUBSCRIPTIONS TO JOURNAL 

Typical, and perhaps most noteworthy of these un- 
satisfactory features, has been the arrangement of the 
requirements about annual dues and subscription to the 
Journal; the one appears in the By-laws and the other in 
the Regulations; and furthermore the requirement about 
the subscription has been indefinite, in that the rate has 
been left to the discretion of the Council. It has been 
clear for some time that these requirements should be 
combined and made more specific, and that they should 
appear in the By-laws alone. In other words, ‘the sub- 
scription to the Journal should be included as a non- 
deductable part of the annual dues; this might look like 
an increase in the dues but there would be no require- 
ment for a subscription to the Journal “in addition to 
the annual dues”, located in an altogether different place. 


VICE-PRESIDENTS 

Another feature which has been questioned, though 
not very urgently, concerns the number of Vice-Presi- 
dents permitted. The By-laws, as originally approved, 
implied that there should be only one Vice-President 
at any given time but it has been suggested that circum- 
stances might arise in which more than one Vice- -Presi- 
dent would be desirable. There is no immediate intention 
to create more than one Vice-President but nevertheless 
it was thought that the By-laws should be relaxed, at 
the first opportunity, to permit the creation of more 
than one Vice-President at the discretion of the Council. 


CONSTITUTION OF THE COUNCIL 
AND OVERSEAS MEMBERS’ DUES 

Recently however two points have come up which 
seem to justify early amendment of the By-laws. These 
concerned the constitution of the Council and the annual 
dues payable by overseas members. When the By-laws 
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were drafted the Steering Committee never envisaged 
Branches of the size which now seems possible — five 
or six hundred members — and it underestimated the 
extent and misjudged the nature of overseas membership, 
Consequently the By-laws were framed upon formula 
which, in the light “of present knowledge, need modi- 
fication; the one could result in a Council of unw ieldy 


proportions and the other bars the Council from giving § 


any relief in the rate of annual dues pays able by members 
normally resident overseas. 


PROPOSED AMENDMENT 


The proposal is to amend the By-laws to limit to 4 
the number of Councillors representing any one Branch 
at any one time, and to enable the Council to set a 
reduced rate of dues for overseas members. The oppor- 
tunity is being taken to include those amendments which 
have been found desirable for administrative reasons, 
an amendment combining the dues and the subscription 
to the Journal under a single heading, and an amendment 
to remove the limit on the number of Vice-Presidents. 


The proposed Amendments then consist of 
(i) an amendment to Article 5 to arrange the elections 
so that each Branch is represented on the Council 
as follows, 
1-400 members _.........................2. Councillors 
401-599 members 3 Councillors 
600 members or more _...... 4 Councillors 


(Remember the Councillors have overlapping two- 


year terms so that each election deals with only 
half the number.) 


(ii) an amendment to Article 6 to remove the limitations 
on the number of Vice-Presidents, 


(iii) amendments to Article 10, Section 2, firstly to in- 
crease the annual dues to include the subscription to 
the Journal, and secondly to permit the Council 
to reduce the rate of dues for overseas members, 
and 


(iv) amendments to Arcticles 8, 9 and 10, which are 


intended to clarify w ithout introducing anything | 


very new to the By-laws. They define ‘ good ‘stand- 
ing”, they clarify the meaning of “dues” as in- 
cluding, in certain circumstances, any outstanding 
debts to the Institute (e.g. an entrance fee) as w ell 
as annual dues; but substantially they do not change 
the meaning of the By-laws in any way. 


PROCEDURE 

The Amendments in the last of the above groups 
are more or less interrelated and interdependent, the 
individual Amendments therefore cannot be voted upon 
independently. Each group must be voted on as a whole. 


The results of the voting will be promptly announced 
in the Journal. Each group of Amendments which re- 
ceives a favourable two-thirds majority of the votes 
cast will be submitted to the Secretary of State for 
approval. An Amendment will not become effective 
before such approval is granted. 
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WALLACE RUPERT TURNBULL, 1870-1954 


CANADIAN PIONEER OF SCIENTIFIC AVIATION 


Continued from Page 10* 





Figure 2 


The 1923 model variable pitch propeller and other propeller 
models tested during 1906-1908. 


VARIABLE PITCH PROPELLER 


Turnbull, as a result of his earlier work on propellers 
had realized that to operate efficiently under different 
conditions — take-off, climb, cruise, etc. — the character- 
istics of the propeller must be varied, and also that the 
only characteristic which could be adjusted in flight 
was the pitch. 

Thus in general the efficiency of a given propeller 
will vary as V/ND and will be a maximum when V/ND 
= 1°, Since the diameter D is determined by the con- 
fetestion of the aircraft, the efficiency depends on the 
propeller pitch V/N and for maximum efficiency the 
pitch must be varied when aircraft speed V and propeller 
speed N vary.i 

Since a fixed pitch propeller is normally designed 
for the high speed condition, a variable pitch propeller 
offers no advantage for this condition except at high 
altitudes. On the other hand, for take-off, climb, and 
particularly for efficient cruise, and with a supercharged 
engine, variable pitch offers definite adv antages, as also 
in the case of failure of one or more engines in a multi- 
engine aircraft, for long distance heavily loaded trans- 
ports and for flying boats. 

The adv antages of the variable pitch propeller had 
been mentioned in the literature as early as 1910 but 


When V is low and N high a geared down engine is indicated. 
*CanapiaAN AERONAUTICAL JOURNAL, January 1956. 
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little progress had been made with its development 
because of three principal difficulties, the high centrifugal 
force on the blades, the friction conditions resulting 
from the high centrifugal and thrust loading, and the 
control. 


When in England during the 1914-18 war, probably 
as an immediate result of his propeller work with Sages 
and, anticipating a need not then apparent, Turnbull 
began working on a means to control pitch. An entry 
in his diary for 14 November 1916 reads “w orking on 
Variable Pitch and Reversing - Propeller”. This is 
the first reference to the V.P. ller in his records. 
In his first model, a propeller 2 inches in diameter 
made at Peterborough in July 1918, the blade pitch 
was varied by means of brake wheels and a gear train 
which permitted a small fraction of the engine power 
to turn the blades. The control worked smoothly at 
1,550 rpm. He also tried electromagnetic brakes but these 
gave no promise of being practical. 


On the basis of this model the Royal Air Force 
placed an order for three propellers with England and 
Turnbull, a company, in which they were the sole 
shareholders, organized to develop the V.P. propeller. 
Shortly afterwards the war ended and the order was 
cancelled. When Turnbull returned to Canada in 1918 
the model was left with Gordon England to interest 
English firms and subsequently disappeared. As England 
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Figure 3 
Model variable pitch propeller made by W. R. Turnbull at 
Rothesay in January 1923 and later fitted with a differential 
gear control, now on the model. 





was unsuccessful i getting the propeller accepted in 
England the firm was later dissolved. 


‘The first full size variable pitch propeller (No. 1) 
was designed in England for the RAF contract in 1918 
for the Snipe fighter fitted with B.R. 2 engine operating 
at 1,325 rpm., and had mechanical brake control. The 
propeller was only partly completed in England during 
1919-20 and in this condition was returned to Canada 
and finished at Rothesay in December 1922. 

A Canadian patent on the variable pitch propeller 
was applied for in March 1919 and was issued:in 1922, 
the first of a number of patents on various features 
of the propeller, the last dated 1932 


Turnbull interested the Royal Canadian Air Force 
in the propeller and it was arranged that it should be 
tested by the R.CAF. For this purpose the No. | 
panes was cut down to fit an Avro trainer with 

130-hp. Clerget engine and sent to Camp Borden later 
in December. The strength tests were satisfactory but 
the control tests prov ed disappointing. 


The No. 1 propeller was exhibited by Turnbull z 
the Inventions Show in New York in February 1923 
ae was awarded the Silver Medal. It was later returned 

» Camp Borden for further trials and unfortunately 
uae ed in a hangar fire there 16 October 1923. 


A second medel V_P. propeller,* fitted with mech- 
anical friction brake control, which worked well, was 
made at Rothesay in January 1923, and was also ex- 
hibited in the New York show. On its return after the 
show, Turnbull was experimenting with other forms of 
control to improve full size operation and he fitted the 
model with a differential gear control suggested by 
his son D. O. Turnbull to eliminate all mechanical shock. 
This model was also fitted with a blade angle indicator 
comprising a coil on the blade boss over w hich a contact 
fitted to the blade moved, the variation in current 


KThis model is in the Aeronautical Museum of the National 
Research Council. 
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registering on an instrument in the cockpit indicating 
blade angle. Tests of the model showed that the control, 
while eliminating shock, was too rapid and uncertain in 
action. These difficulties with mechanical control led 
Turnbull to turn in June 1923 to an electric motor 
control. 


In view of the loss of the No. 1 propeller at Camp 
Borden, Turnbull requested the Associate Air Research 
Committee (of which he was an Associate) of the 
National Research Council on 24 December 1923 to 
apply to the R.C.A.F. for a grant to be used in the 
construction and testing of a new propeller. Turnbull 
proposed two alternative ty pes of control one by pressure 
of a brake shoe upon brake wheels mounted upon the 
propeller and geared to the blades and the other by 
electric motor drive. 


The Committee! preferred the second method, and, 
a grant of $1,500 having been made by the R.C.AF. 
through the Committee, the ee (No. 2) was de- 
signed by Turnbull in February 1925 for a somewhat 
obsolete ‘aircraft and engine allocated for the tests, an 
Avro 504K with 130- hp Clerget engine (1,250 rpny). 
After the design had been checked by the R.C.A.F. the 
propeller proper was constructed by Canadian V ickers 
Limited and Turnbull himself made the control ané 
indicator at Rothesay. 


Ground and flying tests** were made at Camp Borden 
during June and July 1927. After whirling tests, in charge 
of F/L G. E. Waite, some 32 flights (11 hours, # 
minutes) were made by seven pilots™ in Avro FL the 
first on 6 June by F/L G. E. Brookes, who was in charge 
of the flight trials. The results of the performance 
tests were ‘remarkably good — quick take-off and climb. 
incréased ceiling, low fuel consumption at best cruising 


1247H Meetinc, 17 May 1924. 


mW/C Anderson, F/L Howsom, F/O deNiverville, F/O Fuller 
ton, F/O Capreol and P/O Durnan. 
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Figure 4 
Turnbull variable pitch propeller designed February 1925 and tested by the R.C.A.F. at Camp Borden in June and July 1927. 
The first variable pitch propeller developed and tested in Canada and the first successful such propeller to be tested in the world. 


speed — and without developing backlash or other 
mechanical defects.” 

This propeller (V.P.P. No. 2) was not only the first 
controllable pitch propeller developed and tested in Can- 


ada but was the first successful propeller of this ty pe to » 


be tested in the world despite such claims as those of a 
manufacturer in advertisements in 1936-9 to have pro- 
duced in 1930 the first entirely practical controlled pitch 
propeller and the dev elopment in 1933 of the first prac- 
tical propeller of this type. 


C. B. Walker had patented in England in 1920 an 
electrically controlled propeller, presumably for marine 
use since the low gear ratio made it inapplicable to air- 
screws. The patent was unknown to Turnbull but was 
cited against his —— The Hart mechanically 
controlled propeller of 1920 after many years of de- 
velopment was disappointing. Experiments in England 
about 1925-27 on the Hele-Shaw Beacham hydromatic 
propeller were unsuccessful. 


About 1929 the term controllable pitch began to be 
applied to propellers in which the pilot was able to 
vary the pitch in flight by rotating the blades, to dis- 
tinguish them from propellers, having fixed blades, in 
which the pitch was not constant along the blade. How- 
ever the term variable pitch has continued in use to 
designate controllable pitch propellers. 


Great credit is due Turnbull for his foresight in 
anticipating the need for a controllable pitch propeller 
at a time when few recognized the value of pitch control. 


Propeller V.P.P. No. 2 at the request of the 
South Kensington Science Museum was first loaned in 
1928 and later in 1931 presented by Turnbull to the 
Museum. With the establishment of a national aero- 
nautical museum in Ottawa by the National Research 
Council, the Director of the Science Museum was ap- 
proached in 1942 to permit the return of the propeller 
to Canada. With the agreement of Turnbull, the Director 
presented the historic propeller to the Canadian museum 
where it now occupies an honoured place among other 
examples of Canadian enterprise and invention. 


The R.C.A.F. tests having proved the merit of the 
propeller it was left to Turnbull to develop his invention 


MINUTE 591, 30rH MeetinG, 24 SepremBer 1927, Associate AiR 
Research CoMMITTEE. 
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commercially, a matter in which the Associate Com- 
mittee could not be of assistance.° 


Turnbull immediately began negotiations with firms 
for the rights to his invention and on 3 December 1929 
granted an exclusive licence, with right to sub- license, 
to the Reed Propeller Company, a subsidiary of the 
Curtiss Aeroplane and Motor Company, in turn a 
Division of the Curtiss- -Wright Corporation. 


On 26 November 1935 the Export Division of Curtiss- 
Wright concluded an agreement with the Bristol Aero- 
plane Company of E ngland cov ering a five-year manu- 
facturing licence on Curtiss electric propellers holdin 
Bristol harmless in respect to use of the Turnbull 
patents. Rotol took over the Bristol licence on 1 Novem- 
ber 1937 and the agreement was terminated 1 November 
1943. The Curtiss-Wright Corporation took over the 
Reed-Turnbull agreement 29 October 1942 on dissolu- 
tion of the Reed Company. 


Following the outbreak of World War II royalties 
paid Turnbull by Curtiss became very large. Eventually, 
on 24 February 1943, under authority ‘of the U.S. Roy alty 
Adjustment Act, Curtiss W right were ordered to cease 
further payments to Turnbull. The order was relaxed 
3 November that year to permit payment of royalties 
up to a certain annual maximum. Finally 29 December 
1944 the U.S. Government purchased the Turnbull 
patents outright, and no further royalties were paid, 
except that Curtiss purchased a paid up licence for the 
remaining life of the patents. 


Turnbull’s propellers had been of composite con- 
struction with wooden boss and blades, bronze sleeves 
and ball thrust washer incorporated in the blades and 
steel spindle in the boss. Curtiss-Wright began develop- 
ment of the propeller in co- operation with Turnbull, 
with duralumin blades and steel hub recognizing the 
trend, then setting in, toward all metal propellers. “Gear 
reductions of 48,000 and 64,000 to one were adopted 

permit fine pitch adjustments and use of a small 
motor. In this development Turnbull _ participated 
actively. For example he made at Rothesay during 
September- November 1928 brake and w hirling tests of 
the small motors proposed for use in the propeller to 
check their behaviour at high speeds of rotation. 


OMinvute 591, 30TH Meerinc, 24 SepTremMBeR 1927. 
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The first all metal 200- hp, 1,800 rpm model*® (V.P. 
3C) built at Garden City in 1928 weighed 128 pounds. 
Since then the propeller has been developed to the 
present full feathering and reversing designs with hollow 
steel blades and sizes ranging up to 21 feet in diameter. 
About 150,000 of the propellers were manufactured for 
the U.S. services during the Second World War. 


Excluding his work from 1902 to 1908, which had an 
influence on his work on airscrews, Turnbull spent some 
twenty-three years, from 1909 to 1931 on propeller re- 
search and dev elopment. 


INTERNAL COMBUSTION MOTORS 


During the early years Turnbull was constantly 
pre- occupied with the question of motors for his pro- 
jects. As has been seen he went to France in 1908 in 
search of an aeronautical motor but was not impressed 
with those he saw. 


He had ordered from the Duryea Power Company, 
of Reading, Pa., a small two- cylinder g zasoline engine 
guaranteed to deliver 2 bhp. at 1,200 rpm. foraw eight 
of 6 |b. bhp. and at a price of $250. The oscillating 
cylinders were about 2 in. x 2 in. As the actual w eight 
came to 9 Ib. bhp. the engine was not accepted. 


Figure 5 
Duryea engine ordered by W. R. Turnbull in November 1905 
and delivered in May 1906 — the first aviation engine 
in Canada. 


Later, to power the hydroplanes on which he was 
then working, Turnbull ordered two larger engines from 
Duryea in November 1905. These were 4+stroke cycle 
water cooled twin cylinder opposed (4% bore x 5Y, 
stroke) engines g guaranteed to deliver 16 hp. at a weight 
not over 7% Ib. hp. including everything except fuel 
and water tanks.’ There was no crankcase nor exhaust 
piping and the flywheel, having wire spokes and rim 
of laminated birch, carried in the rim five to ten dry 


pThe Wright brothers engine of equal power weighed 16 lb./hp. 
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cells for ignition (total weight of wheel 17 to 24 lb), 
Inlet valves were automatic and exhaust valves tappet 
operated. The water tank was mounted on the engine, 

The first engine was delivered in May 1906 and was 
undoubtedly the first aviation engine in ‘Canada.4 

When he received the first engine Turnbull fitted 
one of the steel tube hydroplane propellers on it. How- 
ever, with one explosion per revolution the uneven 
torque broke up the propeller. This and other troubles 
with the engine caused Turnbull to cancel the order 
for the second engine. 

After his experiences with the Duryea engines ‘Turn- 
bull concluded that the “propel -”’ motor for an aeroplane 
would be a rotary engine and, in 1907 he designed 
2 “turbo propeller” w hich combined, in one unit, a gas 
turbine and propeller. It was probably the first device 
of its kind even though it was “full of mistakes and 
never operated properly” 

The unit comprised an 8-foot diameter propeller 
having crossed radial arms of 1 inch steel tubing carrying 
curved aluminum blades between them. There were two 
+ in. x 7 in. explosion cylinders mounted axially on the 
hub, the gases from w hich passed outward through the 
tubular propeller arms, to two cross tubes connecting 
the ends of the radial arms. The cross tubes were fitted 
with 64 small discharge buckets and vanes combined. 
The bucket vanes were to have been ceramic but Turn- 
bull made the first ones out of baked clay. 

The cylinders functioned as in an engine with fuel 
injection by pump, inlet and scav enging “exheust valves 
actuated from fixed cams and spark ‘ignition. When 
Turnbull realized that the compression would not be 
adequate he dropped the project as he was then be- 
coming interested in his propeller research. 

After the First World War he resumed work on 
internal combustion engines. When not engaged on his 
V.P. propeller dev elopment he studied the flow of gases 
in two-stroke cycle engines by means of glass cy linder 
explosion tests, built a vibration tester for a single 
cylinder engine and, designed and built a high efficiency 
single cy linder 2-stroke cycle engine using a cy linder 
and piston from the Dury ea engine." 

About this time also (1919) he experimented with 
gas turbines and built a turbine having some six 
(?) combustion chambers discharging through curved 
nozzles and a turbine wheel carrying about 80 blades. 


HYDROPLANES 

During 1906-7 Turnbull designed and built two air 
propelled” hy droplanes* Pas preliminary experiments for 
subsequent conversion into hydro-aeroplanes. It was for 
these hydroplanes that he purchased the Duryea engine 
already described. However, the engine gave so much 
trouble and was so unsatisfactory that the hy droplane 
tests were never completed. 

Like Alexander Graham Bell, Turnbull believed that, 
other things being equal, experimenting on or above 
water was the safest and most rational method for 
dynamic flying machines. 

The 1906 machine had a scow-like hull fitted below 
with, five transverse hydroplanes of double curvature. 
GNow in the Aeronautical Museum of the National Research 
Council. 
rThis necessitated rebuilding the Duryea engine for display ™ 
the museum. 
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The hy droplanes were of sheet metal, supported by 
wooden ribs, in turn attached to spars fastened to the 
hull bottom. 

The engine, in the hull, drove through belts two air- 
screws mounted side by side on a light superstructure. 
The propellers were constructed of steel tube arms 
carrying hard fibre blades. It was intended that the 
hydroplanes, fully immersed when at rest, would as 
the speed increased lift the hull above the water and 
skim the surface. However, the drag of the spars, poorly 
designed airscrews and engine trouble combined to pre- 
vent this being achieved and “nothing was obtained 
but a little experience”. 

In the 1907 design the hull was replaced by hydro- 
plane floats formed by enclosing the ribs in a water 
tight sheet metal covering. The floats had planing sur- 
faces of double curvature. 

The forward float had a displacement of up to 250 
pounds and the aft, larger float, 650 pounds. The floats 
were connected by a superstructure of steel tubes, on 
which the forward float was pivotted to serve, not very 
satisfactorily, as a rudder. 

The superstructure supported the same Duryea en- 
gine, in this case, direct connected to a 6-foot diameter 
airscrew of the same design as before. The superstructure 
also carried a seat for the operator and steering wheel 
for the rudder. The total weight of the machine, in- 
cluding operator, was about 550 pounds. 

Despite a 54-pound flywheel the torque of the engine 
was sO uneven as to cause endless trouble from sheared 
keys, broken propeller arms and the like. These troubles 
and the low power of the engine prevented any useful 
results being obtained and_ the experiments were 
abandoned. 

Nevertheless, Turnbull still advocated the use of 
aeroplanes and hydroplanes that were sound from an 
engineering standpoint, as a means of reducing the many 
fatalities occurring at the time in flying machines. 

Reference has been made to the Short seaplane for 
which Turnbull designed a propeller while at Sages. 
This seaplane had heavy plywood floats and Turnbull 
conceived the idea late in 1917 of an inflatable rubber 
float, to reduce the weight, for which he later obtained 
a patent. The float proper comprised an outer cover 
of canvas of streamline form and circular cross section, 
constructed in two longitudinal halves, w hich could be 
laced together, enclosing a number of inflatable ballonets. 
Fastened to the upper half of the float cover was a 
saddle of plywood fitted with suitable fittings for the 
attachment of undercarriage and interfloat struts. A ply- 
wood planing bottom was similarly fastened to the lower 
half of the float casing. The float thus had a basic stream- 
line form and incorporated shock absorbing capacity in 
the inflated ballonets. 

Frederick Sage and Company Limited receiv ed a con- 
tract for the floats, which, like others, was cancelled 
at the end of the war. 

Later Turnbull produced another version from 
which the air was withdrawn from the ballonets in flight 
so that they collapsed and thus reduced head resistance. 


TORPEDO SCREENS 


During 1917 merchant ships were being sunk at an 
alarming rate and desperate efforts were made to counter 
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the German submarines. Turnbull, in England, proposed 
that screens should be suspended from the ships and 
some 30 feet from the sides. The momentum of the mass 
of water passing between the screens and the ship’s 
sides would, he thought, constitute a “backing” for aes 
screens sufficient, even with a light screen, to explode a 
torpedo. The idea was not entirely confirmed by trials. 

He first built a model of the screen which he demon- 
strated in Gordon England’s bath tub. Turnbull, living 
at the Royal Hotel nearby, spent many of his evenings 
with Eng] and and came to be regarded as one of the 
family. 

The Navy did not like the idea of protecting mer- 
chant ships by hanging out screens or nets but were 
willing to try them and supported the development of 
screens to Turnbull’s designs. 

Turnbull invented the screens 4 May 1917 and applied 
for a patent, which however was _ held up by the 
Admiralty. The dev elopment of the screens continued 
until September 1918. 





Figure 6 


Propeller used on scow-type hydroplane, 1906. 


The first trials were made in August 1917 with screens 
of heavy canvas (No. | Admiralty both single and 
double) 100 x 20 feet, the leading edge drawn down by 
Navy kites and the upper and lower ‘edges having floats 
and lead w eights or kites respectively. The screens were 
towed on a “long cable by a destroyer and torpedoes 
were fired at them from a torpedo boat. While one or 
two torpedoes were detonated most of the torpedoes 
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passed through the screens without exploding indicating 
that a much tougher material was required. 

Since the screens had to permit furling, when outside 
the submarine zone, a woven material appeared to be 
required and Turnbull began an extensive systematic 
series of tests at Peterborough on samples of commercial 
and special fabrics. The tests were made on samples 
8 x 18 inches in a 50,000-pound testing machine using 
cutting and piercing heads. 

The special fabrics included combinations of canvas, 
rubber sheet and piano wire, and later, mesh and weaves 
of wire and flat spring steel. Finally he tried weaves of 
wire warp and cotton cord weft. The first tow ing trials 
at sea of a screen of the latter type (No. 36) were made 
22 February 1918 at Sheerness and it was concluded 
that all five torpedoes which hit the screen would have 
exploded. However, other factors had to be considered, 
weight, flexibility and the susceptibility of the many 
small wires to corrosion. 

To permit comparison of the effectiveness of the 
different screens Turnbull adopted an order of merit 
based on a “flaccid factor’.s The flaccid factor in- 
dicated that weave No. 54,t with warp of 6 tinned 
19 S.W.G. piano wires per inch, woven two in a group 
and weft of No. 8 soft twist cotton 30 per inch, was 
superior. A screen 120 x 20 feet of this material was 
tested in the final trial at Portsmouth in September 1918 
and the trial was witnessed by Turnbull. 

The torpedoes were fitted with collision heads to 
prevent damaging the ship and so it was not possible 
to determine if the screen detonated the torpedoes, but 
the consensus of the officers was that the torpedoes would 
have been exploded. The screen reduced the speed of a 
10-knot ship about 25 per cent, weighed 1.26 lb./sq. ft. 
and furled into a roll less than two feet in diameter. 
These latest tests were promising but the war was prac- 
tically over and there was no further development. 


BOMB SIGHT 


One of his earlier projects at Sages," and one on 
which Turnbull worked off and on through the war 
was a “bomb sighter for aeroplanes” intended to relieve 
the operator of as much effort as possible, and to pro- 
vide for the greatest possible range of speeds and alti- 
tudes with a high degree of accuracy. 

There were two sights in the instrument, an upper, 
movable, clock sight and a lower fixed sight. The vertical 
distance between the two sights was adjusted for the 
altitude of flight. The-clock sight was always set initially 
in the same position. 

At the instant when the two sights were first aligned 
on the target a clock mechanism was started which moved 
the upper sight in the direction of flight at a rate pro- 
portional to the aircraft ground speed, so that, when 
the two sights were again on the target, the aircraft was 
in correct position for the release of the bomb to strike 
the target. The bomb was then released either manually 
or automatically. 

Turnbull worked out tables of travel of the clock 
sight in inches and time in seconds between the two 


sRatio of resistance to tearing to under water weight. 

tA sample of this screen, a photograph of the trials and Turn- 
bull’s four note books on his tests were presented to the 
National Research Council Museum in 1949. 

uThe earliest diary reference is 19 November, 1915. 
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sightings for speeds from 50 to 140 mph and altitude 
from 500 to 10,000 feet. 

Later, March 1916, some thought was given to in. 
corporating a gyro control in the sight. The War Office 
authorized, 7 June 1916, a London instrument firm to g0 
into the design with Turnbull and construct a sight. 

Turnbull applied for a U.K. patent 9 March 1916 
but the Patent Office, on the request of the Admiralty, 
delayed acceptance of the specification and prohibited 
publication of the invention and application for a patent 
in any Dominion or allied country without the per 
mission of the Admiralty and Army Council. 

Sages dropped the project in December 1917 and 
Turnbull and Gordon England took it on between them, 
However, officialdom caused endless delays and there js 
no record of a sight being made. c 

Other projects, of the many to which he gave thought 
while at Sages included design of an aircraft for a trans- 
Atlantic flight (May 1916), thin bladed airscrews with 


metal tips, the latter retained by fine radial wires | 


stretched between the laminae of the wooden blade 


(August 1916), helicopters having fabric blades stretched | 


by centrifugal force (June 1917), an endless rubber ring 
for use in aircraft shock absorbers, of which many 
hundreds were made, and a note pad for observers to be 
clamped on the left forearm which Turnbull and N. A. 
Feary, another very early aeroplane experimenter, de- 
vised and put on the market in 1917.°* 

Feary and Turnbull had much in common, worked 
together quite closely and became very great friends 
They spent the only holiday they had during the war, 
together, on push bikes, in the Lake District. Turnbull 
always referred to Feary as “the mad Irishman”. 


CONSOLIDATED WOOD 


Turnbull, as a native of New Brunswick, was keenly 
interested in all matters pertaining to forests. He was 
for years an enthusiastic member of the Canadian 
Forestry Association and occasionally contributed letters 
to its journal.** 

When with Frederick Sage and Company Limited in 
England in the spring of 1918, probably in connection 
with the manufacture of wooden propellers by that 
firm and possibly having in mind the needs of his V.P. 

ropeller on which he was then working, Turnbull 
observed that certain woods (Honduras mahogany, 
yellow birch, white oak and hickory) when compressed 
across the grain and parallel to the annual rings, bey ond 
the first or natural elastic limit to a point near that at 
which actual crushing of the wood occurred, became 
“consolidated”.*® The consolidated wood when removed 
from the press “recovered” and in two or three days 
assumed a permanent “set” after which change in dimen- 
sions was exceedingly slow. 

Consolidated wood was found to be much strongef 
in every way than natural wood and had little tendency 
to shrink when exposed to high temperature. In fact 
the tendency was rather to expand. The increase in 
strength on consolidation was greater proportionately 
than, the increase in density. 

Turnbull foresaw many uses for consolidated wood 
— for aeroplane propellers, for plugs and sleeves of VP. 
propellers, for the liners of marine propeller shaft beat 
ings and others. 
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He proposed that the compression could be effected 
without lateral constraint, or in dies with both lateral 
and end restraint. He obtained a patent on the process 
in 1922. 

It appears that this work of Turnbull’s initiated 
further research and development in this field leading to 
the development in comparatively recent years of the 
numerous types of compressed and “improved” wood 
now on the market. 


BIRD FLIGHT 


It will be recalled that in his paper of 1906 dealing 
with his original research on aerofoils Turnbull examined 
his results with respect to natural flight and in his study 
of devices to derive dynamic support from the air he 
experimented with wing flapping devices. There is little 
doubt that he, like other aviation pioneers, looked to 
nature for guidance. However, because of his scientific 
and engineering training there is also no doubt that 
his observations resulted in sounder conclusions than 
those of many of the pioneers. 

In 1937, with a slackening off in his work and re- 
sponsibilities he considered embarking on experiments 
on simulated natural flight. However, as his interest was 
largely academic, and the project of doubtful practical 
value he was reluctant to proceed. He thought he might 
be better engaged on something of greater usefulness. 


Ultimately he did proceed and devoted a good deal 
of effort to the study over the next ten years, except 
for the war years. About 1948 he began to find the 
experimental work rather tiring and as he was not satis- 
fied with the results he was obtaining, he gradually lost 
interest and never did write up his findings. 


TIDAL POWER 


Living near the Bay of Fundy with its immense tides 
it is not surprising that the engineer in Turnbull was 
attracted by the possibility of harnessing some of the 
vast power in the tidal movements. With his usual 
thoroughness he began about 1911 studying tidal power 
developments, from those of the eleventh century in 
England for grinding corn to existing tidal mills and 
proposals for tidal plants of large power, such as those 
for the Bristol Channel, Passamaquoddy Bay, and, in 
Canada, at Sackville, Cape Split and the Reversible Falls 
of St. John. 

He recognized that to obtain continuous power from 
the twice daily tidal cycle would require large reservoirs, 
which, if artificial, would be so costly as to be economi- 
cally unsound. He laid down three basic requirements 
for a commercial tidal power development, namely, a 
height of tide to provide adequate head, two large 
natural reservoirs and a site central to the population 
to be served. 

After examining many sites for tidal power in parts 
of the world where tides are sufficiently high Turnbull 
concluded that the most promising site commercially at 
that time (1919) was, in effect, on his own doorstep at 
Hopewell Cape at the confluence of the tidal estuaries 
of the Petitcodiac and Memramcook Rivers in Shepody 
Bay at the head of the Bay of Fundy. Here the spring 
tide is 42 feet and the normal neap range 32 feet, and the 
effective storage areas of the Petitcodiac and Memram- 
cook are 7,600 and 1,400 acres respectively. The site 
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is the centre of a population (1919) of 250,000, starving 
for power and with no other hydro-electric development 
in sight. 

Turnbull proposed to form a high level basin by a 
4,900-foot western dam from Hopewell Cape across the 
Petitcodiac, and a low level basin by a 4,800-foot eastern 
dam across the Memramcook to Coles Head, with a wing 
dam from their junction to Fort Folly Point at the tip 
of the peninsula between the two rivers.** 

The power house was to be across the angle between 
the western and wing dams, the triangular tailrace or 
spillway thus formed communicating, through electric- 
ally controlled gates in the dams, with the low level 
basin and the tidal Shepody Bay. 

The high level basin would fill at every high tide 
through automatically inward opening flap gates in the 
western dam and the low level basin would empty every 
low tide through similar outward opening gates in the 
eastern dam. 

The operation was to be as follows. Beginning at 
low tide, the turbines would discharge directly into the 
Bay. After about two and one-half hours the control 
gates would operate to direct the discharge into the 
low level basin for the next six and one-half hours. For 
the remainder of the tide the gates would be set to 
discharge again into the Bay. Thus there would be 
continuous operation through each tide, the high level 
basin filling automatically on each high tide, and the 
operating head ranging from about 28 to 14 feet, and 
averaging 22 feet, a range for which water turbines can 
be designed to operate with reasonable efficiency. 

Turnbull also considered the provision of auxiliary 
power to take care of subnormal neap tides (24-25 feet) 
occurring 15 per cent of the time, sediment and ice. 
He concluded that the dams would be beneficial - in 
reducing sediment and ice movement. 

He considered an initial power installation of 90,000 
hp. for a 250,000 population, with a distribution net- 
work, 3-phase 30,000 volts, extending from St. John to 
Halifax and to New Glasgow and Stellarton. He esti- 
mated the total cost at $11,000,000 or $122.50 per hp. 
developed, and that power could be sold profitably at an 
average cost of $45.00 per hp. 

Turnbull in 1914 patented his system for the de- 
velopment of continuous power from tides and Struben 
in his book “Tidal Power” described the arrangement 
as “probably the best two basin system that can be 
devised”. 

Several engineering firms reviewed Turnbull’s pro- 
posals from time to time between 1914 and 1945. All 
found his proposals feasible but likely to be rather more 
costly than plants operating on cheap coal. 

In 1928 The Petitcodiac Tidal Power Company was 
organized of which Turnbull was elected a director. 

Turnbull’s interest in tidal power was still active as 
late as 1949 when he attended, as an interested observer, 
a hearing on the Passamaquoddy development at St. 
Andrews in August. 


AERONAUTICAL MUSEUM 

When Turnbull learned, in 1936, of the plans of the 
Associate Committee on Aeronautical Research to or- 
ganize, in Ottawa, an Aeronautical Museum, for which 
the National Research Council had been collecting items 
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for some years, he was quite interested and promised cer- 
tain items connected with his early work. Several price- 
less items were shortly after presented to the Council for 
the Museum, and others were made available from time 
to time, until as late as 1952. 


After Dr. Turnbull’s death, his son Mr. D. O. Turn- 
bull kindly presented to the Museum a selection of the 
material bequeathed to him by his father, including the 
remaining text books from Dr. Turnbull’s aeronautical 
library, experimental note books, photographs, drawings, 
and the chronograph used in his propeller experiments 
together with some of the records from the instrument.’ 


RESEARCHER AND ENGINEER 

Turnbull’s inquiring mind ranged widely and, al- 
though his interests were many, aeronautics remained 
his chief absorption for more than fifty years. 


Observant, keen and analytical, he was quick to dif- 
ferentiate between essential and non-essential. 


As early as 1911 he wrote*’ “The popular opinion 
notw ithstanding the science of aeronautics is in its in- 
fancy and should be encouraged, as we cannot hope for 
a satisfactory solution of the problem of aerial navigation 
until we have more scientific know ledge. If the money 
which is at present spent on aviation meets, the big 
prizes meaning simply a disproportionately large loss of 
life in accidents, were applied to solving the many prob- 
lems that are presented to the thoughtful designer, the 
advancement of the science would undoubtedly be more 
rapid”. 

He recognized at once the fallacy in Bell’s tetrahedral 
cell as a means of improving aeroplane stability. 


He had the researcher’s passion for truth. While at 
Cornell he wrote** questioning a claim to novelty made 
by an experimenter in a paper. It has been seen how 
his patient work disclosed the limitations of Langley’s 
Law, hitherto accepted without question. 


He was systematic and methodical to a degree. His 
diaries and note books are crammed with neatly tabulated 
data, diagrams and graphs. 


In his investigations Turnbull’s first endeavour was 
to have his basic data correct and he spared no effort 
in its verification. He used the limited knowledge in the 
literature of the time for what it was worth, but not 
without thorough checking. He sought knowledge at 
the source by going direct to the great figures in aviation 
with whom’ he corresponded and visited. He travelled 
extensively between the aviation centres of Europe and 
America. There is no doubt that he was better known 
abroad than at home. 


Turnbull devised and, in fact, made much of the 
equipment and apparatus used in his work. Indeed, he 
did more, for he had to plan and provide the power 
supply, tooling and so on, of his laboratory and shop. 
He was quite a good mechanic and enjoy ed making 
the apparatus and devices he used in his work. 
As a good mechanic he appreciated skill in others and 
endeavoured to have good mechanics to assist him. He 
wrote appreciatively of the work of a Scotch mechanic 
who helped him with the construction of his turbo- 
propeller. 


VA list of the museum items is given in Appendix III. 
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The engineer in Turnbull is constantly evident, jp 
his thinking, his work and his papers. His search for 
basic data to use in design, his preoccupation with 
efficiency; his recognition that propulsion was the key 
to artificial flight and acceptance of the propeller as the 
best means av ailable; all emphasize the realistic engineer. 


ing approach. 


Energetic and hardworking, Turnbull disliked idle. 
ness. It is said of him that after a serious illness, he 
reduced his working day to only eight hours. When 
toward the end of 1937 his commercial activities having 
lessened he found he had a good deal of spare time on 
his hands which he did not “enjoy” he sought some 
piece of research in aeronautics, mechanical or electrical 


engineering within his resources, which he could under- 
take. 


He was not averse to experimenting on himself. A 
phenomenon in his own vision, noted as a youth, was 
later fully inv estigated, with the help of Mrs. Turnbull, 
and his observations published.*° 


Nor had he any hesitation in participating in experi- 
ments and trials, in new or experimental machines, to 
obtain, first hand, data, or to see for himself what hap- 


pened. He made various flights from different air stations § 


as observer in Short and Sage seaplanes and was, as has 
been seen, observer in a new Short 184 seaplane in 1916 
when a record was established. He took part in the trials 
of his torpedo screens. 


However, the glamour of flying was not for Tum- 
bull. His was the role of the Sons of Martha, “simple 
service, simply given to his own kind in their common 
need”’.* Aside from his technical w riting little concerning 
him appeared in the press. Few Canadians have heard 
of him and fewer still are aware of his distinguished 
career. He worked in the background, unobtrusively 
and unpublicized. 


Turnbull’s relaxations were tennis and sailing, Until 


the age of sixty-five he played tennis a great deal. In 


his younger days he was an unusually good player a 
his array of trophies bears witness. Indeed, an opponent, 
after a trying time with him on the courts, was heard 
to remark that particularly troublesome Turnbull 
strokes were undoubtedly the product of scientific 
laboratory research. In 1910 he and a partner won the 


mixed doubles championship 1 in an All Canadian Tourna- 
ment. 


Sailing was a relaxation Turnbull enjoyed until about 
two years before his death. He designed and had built 
an auxiliary yawl for off-shore cruising in which he 
spent pleasant hours. His last boat, of some fifteen, was 
a 20-foot sloop, which he sailed regularly until reluctant- 
ly, he decided that he was too old. 


Deeply sincere, modest, rather shy and with a great 
understanding of human nature, Turnbull was a delight- 
ful friend and is remembered by all who knew him with 
pleasure and deep affection. 


MEMBERSHIPS AND AWARDS 

Turnbull was elected a member of the Aeronautical 
Society of Great Britain in October 1907 and an Asso 
ciate Fellow in July 1912 (his sponsors being F. H. Page 


wThe Sons of Martha—Rudyard Kipling. 
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and J. H. Ledeboer). He was elected a Fellow of the 
Royal Aeronautical Society in 1918. 

‘In 1909 the Aeronautical Society decided to award a 
medal for the best paper published each year in the 
Journal. The award subsequently became the Society’s 
Bronze Medal ‘‘awarded for work leading to an advance 
in Aeronautics”. The medal was first awarded to Turn- 
bull for his paper in 1908, The Efficiency of Aeroplanes, 
Propellers, Motors, etc. 

Turnbull was elected a Fellow of the Royal Meteoro- 
logical Society, 15 November 1916, was a member 
of the Engineering Institute of Canada and, as has been 
seen, of the Canadian Forestry Association. He was 
named an Honorary Fellow of the Canadian Aero- 
nautical Institute at its meeting on 27 March 1954. 

The Associate Air Research Committee of the 
National Research Council made Turnbull an Associate 
at its Second Meeting on 6 March 1920. 

At the end of the First World War the Technical 
Department of the Admiralty in recognition of his work 
on torpedo screens recommended Turnbull for a mone- 
tary award and a decoration, implying a K.B.E. How- 
ever, the ban on titles in Canada prevented Turnbull, 
like other Canadians, receiving this recognition of his 
meritorious war work. 

The University of New Brunswick conferred on him 
an Honorary Degree of Doctor of Science at the regular 
Convocation in 1942. 

At the 166th Meeting of the National Research 
Council on 17 December 1948 the following resolution 
was passed (Minute 29): 

“The members of the National Research Council 
of Canada being aware of the outstanding contributions 
in the field of aeronautical research, which have been 


made by Mr. W. R. Turnbull since the early days of 
the present century, desire to recognize his achievements 
by inscribing the following formal resolution in the 
official minutes of the Council. 


It was moved by Dr. H. J. Rowley, seconded by 
Principal R. C. Wallace and unanimously agreed that 
the National Research Council of Canada desires to 
record the very valuable contributions which have been 
made by Mr. Wallace Rupert Turnbull to the develop- 
ment of Aeronautical Research in Canada. 


The Council recognizes that Mr. Turnbull was a 
pioneer in that field of research having been active there- 
in since 1902 when he established a private laboratory 
at Rothesay, N.B.; that he built the first wind tunnel in 
Canada in 1902 and that in subsequent years he made 
many valuable contributions to aeronautical research in- 
cluding the development of his variable pitch propeller. 


It is remembered with sincere appreciation that 
Mr. Turnbull rendered valuable assistance to the National 
Research Council through the Associate Committee on 
Air Research from 1919, when the Committee was first 
established until 1930, and that in later years he made 
many valuable gifts to the Aeronautical Museum of the 
Council, including gifts of early experimental aero- 
nautical equipment. 


Consequently, it is ordered that these facts be in- 
scribed in the official minutes of the National Research 
Council for the purpose of permanent record and that a 
copy of this resolution be sent to Mr. W. R. Turnbull”. 


In closing may I thank most sincerely those who have 
assisted so effectiv ely in collecting the ‘information used 
in this paper and, in particular, Mr. D. O. Turnbull of 
Rothesay. 
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EXPERIMENT AND THEORY IN THE 
INVESTIGATION OF THE BEHAVIOR OF 
STRUCTURES AT HIGH TEMPERATURESt 


by Dr. N. J. Hoff* 


Polytechnic Institute of Brooklyn 


SUMMARY 


An account is given of the new problems that arise when 
aerodynamic heating results in high temperatures in the structural 
components of supersonic aircraft. In particular, creep, thermal 
stresses, and buckling in consequence of creep or thermal stresses 
are discussed. Experimental equipment in use at the Polytechnic 
Institute of Brooklyn in the investigation of the high temperature 
problems is described. 


INTRODUCTION 


— ING stars appearing with some regularity in the sky 
in late summer are proof of the theoretical conclusion 
that bodies proceeding at high supersonic speeds through 
the atmosphere are heated by the air stream. As man is 
now in the process of creating stars by sending missiles 
through the upper atmosphere and designing satellites 
which will circle the globe, there is an urgent need to 
explore in more detail the phenomenon of aerodynamic 
heating and its effects on the structural parts of airplanes 
and missiles. 

Meteorites show flow lines and pits on their surface; 
from this it has been concluded that the materials of 
which they are composed are melted, sublimed, and even 
burned at the high temperatures to w hich these bodies 
are exposed when travelling through the atmosphere. It 
is also known that smaller meteorites do not reach the 
surface of the earth but burn up completely in the air. 


It is interesting to note that the physical phenomena 
of melting, subliming, and burning in consequence of 
high speed have already been reproduced experimentally 
in shock tubes. These phenomena are being studied by 
physicists because of their vital importance to the design 
of missiles. 


THE PHENOMENON OF CREEP 


Perhaps the earliest observation of a structural effect 
of heating concerns the phenomenon of stress relaxation. 
Bolts tightened properly when a steam turbine was started 
were found loose after weeks of operation at high tem- 
peratures. The problem was analyzed by Soderberg in 
1936". He showed that the relaxation of the initial stress 
could be calculated from the creep law of the material. 
Creep i is the property of a solid to deform continuously 
with time under constant loads. It can be observed with 
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all structural metals if the temperature is sufficiently high. 

At the present time many research and testing labora- 
tories are engaged in carrying out creep tests in tension. 
The machines used in these investigations are basically 
simple. A weight is attached to the lower end of a 
straight tensile test specimen which is maintained at a 
prescribed elevated temperature. The elongation of the 
specimen is measured and recorded as a function of time. 
Creep tests are often run for several weeks, or months, 
and sometimes even for years. 

If the behavior of a metal in tensile creep is known, in 
principle it is possible to calculate the deformations of a 
beam made of the same material when it is subjected to 
bending. In practice, however, this calculation is not 
simple because the creep laws of metals are highly non- 
linear as will be discussed later. In addition the material 
of the wrought alloy bars used for structural purposes is 
not homogeneous. ‘Because of the larger amount of cold 
work to which it had been subjected, the surface of a rod 
differs from its centre both metallographically and in its 
mechanical properties. The test results recorded repre- 
sent therefore average values of the properties over the 
cross section. The averaging process is different in a 
tensile test, when all the fibers of the cross section are 
subjected to approximately the same stress, from what it 
is in a bending stress in which the stresses vary rapidly 
from the neutral axis of the cross section toward the 
surface of the bar. It is advisable therefore to run creep 
bending tests if one is interested in determining the 
behavior of structures whose members are subjected to 
bending moments. 

Figure 1 is a photograph of the bending test rig now 
in use at the Polytechnic Institute of Brooklyn. The test 
specimen shown is a 5052-O aluminum alloy bar of rec- 
tangular solid cross section. The bar is supported near 
its ends by means of fittings provided with ball bearings. 
The ball bearings are so arranged that their axes coincide 
with the neutral axes of sections of the specimen. To the 
ends of the bar are attached fittings with machined 
circular cylindrical surfaces whose axes coincide with 
those of the ball bearings. Weights are applied to these 
fittings by means of thin phosphor bronze strips. From 
the lower ends of the strips is suspended a horizontal 
beam to the middle of which weights can be attached. 
One-half of the weight is transmitted by each strip. 
When the beam specimen deforms, the ends of the speci- 
men are displaced but the distance between the line of 
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Figure 1 


Flexural creep test set-up. 


application of the load and the reaction force at the center 
of the ball bearing remains unchanged. As in the tests 
the weight suspended from the horizontal beam varied 
between 24 lb and 40 lb, and the distance between the 
points of support and the points of load application was 
2 in, the constant bending moment acting on the beam 
between the ball bearings varied from 24 in-lb to 40 in-lb. 


To the center of the specimen is attached a chain by 
means of a yoke. A rod suspended from the chain passes 
through the armature of a linear differential transformer. 
As the total w eight of the equipment supported by the 
center of the beam is only 2.35 oz, the effect of this 
weight on the creep deformations of the beam is 
negligibly small. 

During the test the deflection of the midpoint of the 
beam is measured by means of the differential trans- 
former. The armature is fastened to a rigid bar which in 
turn is attached to a universal vise. The two screws of 
the vise are used during the test to maintain the armature 
of the differential transformer in the same position rela- 
tive to the core. This is indicated by a null-reading of 
the potentiometer. The displacement is measured on 
the scale of the universal vise. 


Figure 1 shows the test equipment with the cover 
removed. Before the test is begun, the cover is put in 
place. It encloses a volume of 0.56 cu ft. On the insul- 
ating base plate are arranged four electric resistance strip 
es totalling 2.5 kw. They make it possible to heat 

the oven to 600°F in about an hour. This oven, as 
w ne as all the others in the Structures Laboratory of the 
Polytechnic Institute of Brooklyn, was designed for a 
maximum temperature of 1000°F. 


A number of tests were carried out with this piece 
of equipment and the results obtained were plotted as 
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changes in the curvature of the beam as a function of 
time. The curves were quite similar to those obtainabk 
from tensile creep tests. They could be represented 
approximately by the creep law originally proposed by 
Andrade in 19102: 


L=L. (1+ Bt! eK (1 


In this equation L, is the original length of the bar, L js 
the length after a time interv al t beyond the load applica. 
tion, and 6 and « are constants for the duration of the 
test. These constants change with the temperature at 
which the test is carried out and when the applied load is 
changed. 


It is of interest to note that two creep laws w idely 
used today can be derived from the Andrade equation, 


At the beginning of the creep process t is small. Then 
Eq. | reduces to 

€=B'S8=f, (o, T)8 (2 
where e is the engineering strain. Eq. 2 is widely 


accepted as the law gov erning primary creep. Accord- 
ing to Kennedy* the equation characterizes the creep 
behavior of most metals with satisfactory accuracy 
during the entire creep phenomenon. 


When the time is large, straightforw ard mathematical 
manipulations transform Eq. 1 into 


Enat =K = fe(o, T) 


In this equation ¢,,; is the natural strain; the dot over 
the symbol indicates the time derivative. ‘Consequently 
the left-hand member of Eq. 3 is the time rate of change 
of the natural strain in the material. According to the 
equation this rate is constant in any individual test carried 
out at constant stress and constant temperature. When 
the creep strain is less than three or four percent, the 
difference between the natural strain and the engineering 
strain is negligibly small. Under these conditions it is 
permissible to rewrite Eq. 3 in the following form: 


if T = const. 


€ = f(a) 


There is a great deal of experimental evidence av a 
to show that the functional dependence of the strain rate 
on the stress can be represented with sufficient accuracy 
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in engineering | by means of a power law. This power 


law can be written as 


€=(0/A)" if T =const. (5) 


Here o is the tensile stress applied to the specimen and A 
isa constant. The exponent 7 is also a constant; natur- 
ally both A and ” vary with temperature. 


It is usual to determine the value of 7 in the following 
manner: a number of tensile creep tests are carried out 
at the same temperature but at different values of the 
stress 6. ‘The creep curves are plotted as shown in Figure 
2. The slope of the approximately straight portion of 
the curve is determined; this is the so-called steady creep 
rate or minimum creep rate. Next the steady creep rates 
are plotted against the stress on double logarithmic paper. 
In many cases the points can be connected by a straight 
line. It is not difficult to show that the slope of this line 
is the value of 7. 

As all creep tests show a great deal of scatter, it is 
evident that many tests must be carried out before the 
slope of this straight line, and consequently the value of 
n, can be established with any degree of confidence. 
Since some of these creep tests ‘take a long time to per- 
form, the time necessary for the determination of 7 is 
considerable. For this reason a testing machine is now 
being developed at the Polytechnic Institute of Brooklyn 
which will reduce the number of tests needed to deter- 
mine the value of 7. A sketch of the machine is shown 
in Figure 3. 

The testing machine consists of an oven in which two 
test specimens of the same material and same cross sec- 
tional area but of different length are subjected to loads 
at the same constant temperature. The load is applied 
by means of a carr iage which is provided with a mecha- 
nism that keeps the upper surface of the carriage hori- 
zontal throughout the test. In this manner the two speci- 
mens must elongate equally at all times. The mechanism 
contains a pendulum level indicator. From the vertical 
leg of the indicator a weight is suspended which keeps 
this leg vertical. To the end of the horizontal leg a rod 
is attached which enters the armature of a differential 
transformer. As the armature is rigidly attached to the 
carriage, any tilting of the carriage changes the position 
of the core relative to the armature. The signal obtained 
from the differential transformer actuates a servomecha- 
nism which starts a small motor which in turn shifts the 
weight suspended from the carriage from right to left or 
vice versa. The motion of the carriage stops only when 
the rate of elongation of the two specimens becomes 
equalized. The two stresses at which this takes place 

can be computed from the readings of the dynamometers 
to which the upper ends of the specimens are attached. 


In another version of the machine the carriage is 
replaced by a parallel linkage. 

When all the creep deformations are due to secondary 
creep as defined in Eq. 5, the value of 7 can be determined 
without difficulty from a single measurement of the two 
loads. With a constant creep rate the elongation of AL of 
a specimen can be written as 


AL =éL (6) 
where AL is the elongation of a specimen, and L is the 
initial length and é the constant creep rate of the same 
specimen, while t is the time elapsed from the beginning 
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Figure 3 


of the test. The requirement that the elongations of the 
two specimens should be the same can be written as 


(o1/A)"Li = (o2/A)"L2 (7) 
The value of 7 can be calculated from this equation; 


_ log (L2/L1) 
~ log (o1/a2) 


(8) 


This machine naturally does not yield any useful 
results if the deformations of the specimens are due 
mostly to primary creep or if the steady creep is of a 
type that cannot be defined by Eq. 5 ‘However, with 
many materials in useful ranges of the temperature and 
the stress Eq. 5 is a reasonable representation of the creep 
deformations. Under these circumstances the machine 
permits a rapid determination of the important parameter 
n from a single creep test. 

When the stress distribution is sought in a plate, a 
shell, or in a three-dimensional solid, the one-dimensional 
creep law of Eq. 5 does not suffice for the analysis. Tests 
other than tensile and bending tests are required to deter- 
mine how the creep law can be generalized. One quan- 
tity of particular interest in this connection is the ratio 
of the creep rate in tension or bending to the creep rate 
in shear. Figure 4 is a schematic sketch of a machine 
now being developed at the Polytechnic Institute of 
Brooklyn for this purpose. As shown in the figure, two 
tubular specimens are tested simultaneously. Both are 
attached to a loading arm through w hich a constant 
moment is transmitted. The far ends of the tubes are 
provided with fittings which are attached to fixed points 
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Figure 4 
Testing machine for comparing 
flexural and torsional creep rates. 


by means of parallel linkages. The parallel linkage at 
the far end of one of the tubes permits vertical and 
horizontal translations of the end of the tube but does 
not permit any rotation of the end section corresponding 
to bending. At the far end of the second tube the parallel 
linkage does not permit any twisting of the end section 
of the specimen but it does permit any arbitrary vertical 
or horizontal displacement. It follows therefore that the 
first specimen is subjected to a constant bending moment 
and the second to a constant torque. The parallel link- 
ages are provided with strain gages which indicate the 


bending moment and the torque. Naturally a suitable 
cover is provided and electric resistance heating elements 
are used to maintain the temperature of the tubes at a 
prescribed constant level. 


THE EFFECT OF CREEP ON THE 
STRESS DISTRIBUTION 


It is a mistake to believe that the only importance of 
creep in structural analysis is the danger of fracture when 
the load is applied for a sufficiently long time. Another 
equally important effect is the change in the stress distri- 
bution in any statically indeterminate structure. Natur- 
ally in a statically determinate structure creep deforma- 
tions cannot influence the stress distribution because static 
determinacy means that the equations of equilibrium 
alone suffice for the calculation of the stresses. Very 
few structural elements, however, are truly statically 
determinate. Some ideal pin-jointed frameworks are in 
this category but, of course, they do not exist in reality. 
The rigid connection between the members of the frame- 
work at the joints introduces bending moments which can 
be calculated only if in addition to the equations of equi- 
librium the equations requiring continuous deformations 
of the structure are also taken into account. Fortunately 
with frameworks the influence of the secondary stresses 
arising from the rigid connections at the joints is of little 
importance. For this reason the primary stresses in such 
rigid-jointed frameworks can be calculated with satis- 
factory accuracy from the assumption that the structure 
is statically determinate. 


a2 


Frameworks are little used nowadays in airplane cop. 
struction and there is not much likelihood of their bein 
reintroduced in supersonic airplanes and guided missiles 
All the thin-walled or thick-walled structural element 
of supersonic airplanes are highly statically indeterminat 
and the stress distribution in them is defined only jf 
simultaneously the equations of equilibrium and those 
governing the deformations are taken into account. But 
obviously the deformations of a structure whose material 


is subject to creep differ significantly from the familiar } 


deformations of structural elements for which Hooke’ 
linear law connecting stress with strain is valid. There. 
fore the structural analyst of supersonic aircraft has to 
study the effect of creep upon the stress distribution, 
The two tensile test specimens in Figure 3 form 4 
particularly simple statically indeterminate structure, 
That the distribution of the stresses in them depends 
upon the stress-strain law follows immediately from the 
derivations presented in Eqs. 6 to 8. 
properties are known, that is, if the value of 7 is given, 
Eq. 8 can be solved for the ratio of the stresses o, and 


In the particular case that the ratio of the lengths of the 


specimens is 2.73, solution of Eq. 8 for the ratio of the 
stresses yields 
0:1/02=e'™ (9) 


Numerical values computed from Eq. 9 are plotted in 
Figure 5. It can be seen that in the case of linear creep, 
when v=1, the shorter specimen has to experience a stres 
2.73 times larger than the stress in the longer specimen. 
As the value of 7 increases, the ratio 6;/o2 decreases. 
When 77 is approximately 10, the stress in the shorter 
specimen is only about 10 percent larger than that in the 
longer specimen. These results indicate that the stres 
distribution in statically indeterminate structures depends 
very much upon the value of 7, that is on the creep law. 
One more observation of some interest can be made in 
connection with Figure 5; increases in the value of 2, that 
is a more and more non-linear behavior of the material, 
result in smaller and smaller differences in the stresses in 
the two bars. This result is capable of some generaliza- 
tion. Whenever the material is behaving in a very non- 
linear fashton, the stress concentrations are always re 
duced below the level that exists in linearly elastic 
materials. ° 
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Figure 5 
Variation of ratio of stresses in tensile bars. 
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The stress analysis of structures subject to non-linear 
creep is not simple. However, some results of interest 
can be obtained when most of the creep deformations are 
caused by the steady-state creep whose strain rate-stress 
law is given in Eq. 5. The analysis is considerably 
simplified by the existence of the elastic analogue prov ed 
recently*. The analogue states that the stress distribu- 
tion in a body whose deformations are entirely described 
by the creep law of Eq. 5 is the same as that in a body 
whose material is perfectly, but not necessarily linearly, 
elastic. Of course, the two bodies must have the same 
shape and they must be loaded and supported in the same 
manner. The stress-strain law of the material of the 
analogous body must be prescribed as 


€=(a/d)" (10) 


The analysis is quite simple for statically indetermin- 
ate frameworks containing a single redundant element. 
The theory has been worked out in detail for such struc- 
tures and a number of corroborating tests have been 
carried out at the Polytechnic Institute of Brooklyn. 





Figure 6 


Creep test of framework. 


Figure 6 shows the test equipment used in the framework 
tests. The framework is placed in a flat oven measuring 
10 in by 19 in by 39 in. The oven is prov ided with four 
electric resistance strip heaters totalling 2.5 kw. In addi- 
tion two electric resistance ring heaters (150 watts total) 
are arranged near the attachment of the bar which sup- 
ports the load and an electric resistance immersion heater 
(100 watts) at each upper end point of the diagonal 
members of the truss. ‘The additional heaters are needed 
to make up for the heat loss at the attachments. The 
upper end points of the two slanting bars of the frame- 
work are attached to adjustable fittings while the vertical 
bar is suspended from a dynamometer outside the oven. 
A dead weight load is applied to an extension of the 
framework in the downward direction. 


In the tests carried out the frameworks were manu- 
fractured of 0.064 in thick 1100-O aluminum alloy sheet. 
The temperature of the oven was brought up to 600°F 
in about 114 hours; this time was needed to stabilize a 
uniform temperature distribution over the framework. 
The temperature was measured at four points by means 
of thermocouples. When a satisfactory uniform tem- 
perature was reached, the vertical downward load was 
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Figure 7 
Creep test of rectangular rigid frame. 


applied to the specimen and readings were made with the 
dynamometer and recorded as functions of time. At the 
moment of load application, before creep deformations 
could take place, the stress distribution in the structure 
corresponded to linear elastic behavior. For the par- 
ticular conditions prevailing in the test specimen, the 
central bar carried 80 percent of the total load. As creep 
deformations developed, the load carried by the central 
bar decreased and the load transmitted by the slanting 
bars increased with time. The changes in load value 
took place rapidly at the beginning and more and more 
slowly later. The load readings asymptotically ap- 
proached a value which could be calculated if the para- 
meter 7 of the creep law was known. Under the condi- 
tions of the test the value of 7 was about 12 and after an 
extended period of creep deformations the load carried 
by the vertical central bar was about 53 percent of the 
total applied load. The heating was controlled manually 
and the temperature was not entirely uniform in most of 
the tests. The maximum deviation from the prescribed 
temperature was +6°F. 


Another structural element in which the stress distri- 
bution can be calculated comparatively easily is the rec- 
tangular rigid frame shown inside the oven of Figure 7. 
The frame is manufactured of 4 in by % in solid rectan- 
gular cross section 5052-O ‘aluminum ‘alloy bar stock. At 
the corners of the frame the bars are connected by means 
of small steel- fittings. The midpoint of one of the 


shorter bars is attached to the wall of the oven and the 
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midpoint of the other shorter bar carries a fixture from 
which a rod extends horizontally through the wall of the 
oven. The end of this bar is attached to a phosphor 
bronze strip which is fastened to a wheel. The w eight 
suspended from a second phosphor bronze strip attached 
to the wheel always exerts the same constant pull upon 
the rectangular frame irrespective of the deformations 
the frame undergoes. 

The oven is built of transite sheets with magnesia 
block insulation. The cover was removed before the 
picture was taken. Both in the bottom portion and in 
the cover eight electric resistance strip heaters are ar- 
ranged; each one of them is rated 500 watts. The banks 
of strip heaters in the top and the bottom were auto- 
matically controlled by saturable reactor controllers. In 
addition, manual control was provided for two 250 watt 
strip heaters at the fixed end of the frame and for one 
250 watt strip heater near the point of load application. 
The uniformity of the temperature was found satisfac- 
tory during all the tests. The maximum deviation from 
the prescribed temperature was +3°F. 

This oven was built after some experience had been 
gained with the oven used for the framework specimens. 
The horizontal arrangement of the new oven makes the 
load application a little less convenient but it has the 
advantage that no vertical openings have to be provided. 
It has been found that vertical openings always cause 
more trouble in maintaining a uniform temperature than 
horizontal ones. 

The temperature in the rigid frame was measured at 
six points by means of thermocouples. As the displace- 
ments were quite large, they could be satisfactorily mea- 
sured by means of an Ames dial gage attached to a bar. 
This bar could be moved around parallel to the plane of 
the flat top of the test stand by means of a universal vise. 
The rates of deformation of the frame were also calcu- 
lated from theory with numerical values of the material 
constants determined in the bending tests described earlier. 
Satisfactory agreement was obtained between tests and 
theory. 


CREEP BUCKLING 

Another interesting phenomenon introduced into 
structural engineering is the buckling of compressed 
elements in consequence of creep. It is well known that 
no column can be manufactured perfectly straight and 
no experimental man can ever center a column perfectly 
in a testing machine. Thus there are alw ays small devi- 
ations between the line of action of the compressive load 
and the line connecting the centroids of the sections of 
the column. These deviations act as lever arms which, 
when multiplied by the compressive load, represent bend- 
ing moments to w hich the sections of the column are sub- 
jected. As bending moments always result in changes 
of curvature when the material of the column is subject 
to creep, the initial deviations of the center line of the 
column from straightness increase with time. The in- 
creasing deviations ‘naturally give rise to increasing bend- 
ing moments and the vicious circle ends only when the 
column snaps through and collapses. 

The interesting conclusion to be drawn from this 
argument is that a column will buckle under any com- 
pressive load however small if its material is subject to 
creep. Of course the creep rate of the aluminum alloys 
used in aeronautical engineering is so small at room tem- 


54 


perature that creep buckling may take several million 
years. On the other hand at a temperature of 400° or 
500°F buckling may take place in a few hours, or even 
in a few minutes, under loads considerably smaller thay 
the critical load of the column at the particular temper. 
ature. This type of behavior has been inv estigated 
theoretically in some detail and a reasonably large number 
of tests have also been performed in various research 
laboratories. The experiments have borne out the essen- 


tial results of the theory. 


Figure 8 
Equipment for column creep tests. 


Figure 8 shows the buckling rig used in column test- 
ing at the Polytechnic Institute of Brooklyn. The oven 
is essentially a % in thick transite box with 1 magnesia block 
insulation having an internal volume of approximately 
3 cu ft. Inside the oven are 10 electric resistance ring 
heaters totaling 4.8 kw. In addition a 100 watt heater 
is provided at the upper end of the column and a 300 
watt heater at the lower end of the column to make up 
for losses of heat by conduction through the steel struc- 
tural elements. The fan visible in the picture was in- 
stalled during the development phases of the oven, was 
found unnecessary, and was not used in the main tests. 

The console in the foreground houses simple and 
three-way switches as well as four manually operated 
pow erstats (autotransformers) which permit a continu- 
ous variation of the heat input. During the final tests 
the temperature of the column was measured at three 
points and the test temperature of 600°F was maintained 
with a maximum deviation of +3°F. The temperature 
measurements were made with the aid of iron-constantan 
thermocouples and a potentiometer. 

The loading device is essentially a lever with a mechan- 
ical advantage of 5 which transmits a downward load to 
the top of the column in the oven. About twenty- -five 
2024-S aluminum alloy columns have been tested in this 
oven. It has been observed that the lifetime of the 
columns decreases slowly when specimens with increasing 
initial curvature are tested; it decreases more rapidly 
when the load is increased. A complete quantitative 
comparison of theory and experiment has not been pos 
siblesbecause sufficient information on the creep propel- 
ties of the material have not been available. 

The newest oven in the Airplane Structures Labora 
tory of the Polytechnic Institute of Brooklyn (Figure 9) 
has an internal volume of 54 cu ft and a total external 
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Figure 9 
Large creep oven. 


volume of 473 cu ft. It is heated by 120 strip heaters 
of a total maximum rating of 30 kw. These are con- 
trolled by three saturable reactor controllers which 
provide a continuous variation of the heat input. In 
addition, manually operated 1000 watt ring heaters are 
installed in the end fittings of the specimens, in the strong- 
back, and in two external supports in order to compensate 
for the heat loss through conduction in the steel structure. 
With these devices the temperature has been maintained 
all over the specimen for four to five hours at the pre- 
scribed level of 500°F with a maximum variation of 
+1°F. 

Twelve circular cylindrical shells of 16 in diameter, 
48 in length and 0.064 in wall thickness have been tested 
in this oven. The material of the specimens was 5052-O 
aluminum alloy. One end of the cylinder was attached 
to the strongback, while to the other end a bending 
moment was applied by means of a parallel linkage. In 
the figure three sections of the oven are rolled forward 
on the rails in order to allow the inv estigator to inspect 


Figure 10 


1.2 kw Induction heater. 
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the rear attachment of the cylinder. The upper and 
lower bars protruding from the front end of the oven 
are members of the parallel linkage. They are attached 
to an upright which is free to move in the fore-and-aft 
direction. To the same upright are attached two slant- 
ing bars from whose intersection point to the left, outside 
the picture, the deadweight load is suspended. The 
middle bar, attached to the upright by a ball bearing, 
carries a counterweight to compensate for the w eight of 
the end fixture of the specimen. 

All the cylinders tested failed by buckling in conse- 
quence of creep. No theory has yet been developed to 
predict the lifetime of such ‘cylinders. 


THERMAL STRESSES 

When a missile proceeds through air at a high super- 
sonic speed, its surface is heated very rapidly while its 
interior remains comparatively cool, at least at the be- 
ginning of the flight path. The hot exterior tends to 
expand but its expansion is restrained by the colder 
interior. The expanding exterior exerts a tension on the 
interior while the resistance of the interior creates com- 
pression in the exterior. In this manner stresses arise in 
the structure which are known as thermal stresses. 

When the stresses are large in a hot metal structure, 
considerable creep deformations can develop. High 
thermal stresses in comparativ ely cool elements occasion- 
ally cause cracking. Therefore a theoretical analysis and 
an experimental determination of the thermal stresses are 
of considerable importance to aircraft structural analysts. 

The ovens described earlier are not well suited to the 
investigation of thermal stresses because they are slow in 
heating up. Better results can be obtained by electro- 
magnetic induction heating. The design and construction 
of an induction heating unit began at the Polytechnic 
Institute of Brooklyn in 1950. Figure 10 shows the 
completed unit heating a small model of a box beam. 
The machine operates. at 20 megacycles and it has a 
maximum power consumption of about 2.5 kva and a 
power output of about 1.2 kw. 

A more recent unit is shown in Figure 11. It is a 
modification of a commercial machine used originally 
for metallurgical purposes. The unit has a power rating 
(output) of 20 kw and operates at about 400 kilocycles. 
In the photograph the machine heats a model of a 
diamond- -shaped supersonic w ing. 





Figure 11 
20 kw Induction heater. 




















































In principle, an electromagnetic induction heater 
creates a high-frequency electromagnetic field inside the 
coil. Because of this field currents of equal frequency 
are induced in the test specimen inside the coil. These 
currents are restricted to a layer of small thickness in 
the material. It is known that the depth of penetration 
is inversely proportional to the square root of the 
frequency. In tests with steel specimens heated by the 
20 kw unit the depth of penetration was about 0.002 in. 
The current induced in the surface of the specimen 
heats the surface. 

Uniform surface temperatures can be obtained only 
when the coils surround the specimen without major 
gaps. The spacing in Figures 10 and 11 is far too wide 
for good results. The coils were wound so loosely only 
to permit a better view of the specimens in the photo- 
graphs. Similarly, for efficient heating the coils should 
be placed close to the contour of the specimen. In some 
of the tests efficiencies of 80 per cent have been reached 
at the Polytechnic Institute of Brooklyn. By this is 
meant that the heat input in the specimen per second was 
80 per cent of the power output of the machine. The 
power output of the machine was about 50 per cent 
of the input. 

The efficiency of heating i is only about half as much 
if aluminum alloy specimens are ‘heated by the same 
machine. However, the efficiency can be raised if the 
aluminum alloy specimens are sprayed with iron. 

One of the advz antages of induction heating is that 
it is concentrated on the surface just as aerodynamic 
heating transfers heat to the surface of objects immersed 
in the air flow. In Figure 10 the flanges of the box beam 
are heated while the central web remains cool. The steel 
specimen shown has a length of 6 in, a width of 5 in, 
a height of 2 in, and a wall thickness of 0.024 in. After 
60 sec of heating the middle of the web reached a 
temperature of 327°F. while at the middle of the flanges 
the temperature was 440°F. 

Much more rapid heating was, of course, possible 
with the 20 kw unit. With a steel specimen of 1 in 
diameter and 2 in length a maximum heat input of 
400 BTU per sq ft per sec was attained. The surface 
of the specimen became red hot in less than one second. 

A new induction heater of 200 kw output is now 
being provided for the Aircraft Structures Laboratory of 
the Polytechnic Institute of Brooklyn. The increase in 
power by a factor of 10 permits the maintenance of the 
heating rates already realized even though the surface 
of the new models is 10 times and their linear dimensions 
are 3.16 times the corresponding values in the earlier 
specimens. 


THERMAL BUCKLING 


The greatest objection to thermal stresses is that they 
cause buckling in all the thin or slender elements of the 
structure. Buckling in turn leads to loss of strength and 
rigidity; if it takes place on the surface of a structure 
exposed to the air stream, it can also modify the flow 
pattern in such a manner that the lift of the body de- 
creases and its drag increases considerably. In the course 
of this process control surfaces may become ineffective 
and wings and tail surfaces may flutter and disintegrate.* 

That the danger of buckling is not remote can be 
ascertained easily by calculation. If a steel plate of 8 in 
width and 0.064 in thickness is heated uniformly to 
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100°F. above its initial temperature, each inch of its 
length expands 7.5 X 10* in because the coefficient of 
linear expansion of steel is 7.5 X 10° per °F. If the 
elastic modulus is taken as 28 X 10° psi, a compressive 
stress of 21,000 psi is needed to shorten the plate to its 
initial length. This means that such a stress must actually 
develop in the plate if the expansion is completely pre- 
vented by unheated structural elements to which the 
plate is attached. But the buckling stress of a long, simply 
supported plate of the dimensions given can be calculated 
as 

Ger = 3.61 E(t/b)* = 3.61X28% 10°(0.064/8)* = 6460 pxi 
Consequently under the conditions stated a temperature 
difference of (6460/21,000)100 = 31°F. suffices to cause 
buckling. 


Of course, perfectly rigid restraint is never available 
in an actual structure. But the thermal stresses arising 
from non-uniform heating are large enough in reality 
to cause buckling. This was observed in many tests 
carried out with box beams of the type shown in 
Figure 10. After the test the plates were always perman- 
ently buckled to such an extent that the box beam was 
obv iously no longer usable as a structural element. 


In a few tests performed with solid diamond-shaped 
wings of steel, such as the one shown in Figure 11, the 
leading and trailing edges became much hotter than the 
middle of the wing. Consequently large compressive 
stresses developed in the front and rear portions of the 
wing and the edges became wavy. 
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THE R.C.A.F. APPROACH TO 


AIRCRAFT MAINTENANCE? 


by Flight Lieutenant W. F. Delaney 


Air Materiel Command, R.C.A.F. 


INTRODUCTION 


- the not too distant past, maintenance of aircraft 
just grew. As aircraft became more complex and 
carried installed equipment which in itself required main- 
tenance, it became apparent that the maintenarice system 
and procedures required careful planning and develop- 
ment, almost as important as the design of the airplane 
itself. Properly developed maintenance procedures are 
one of the most important factors contributing to suc- 
cessful operation, whether the organization be military, 
airline, commercial or private. Although maintenance 
itself is based on certain fixed criteria, the degree of 
consideration and application of these factors varies de- 
pending on the type of aircraft involved and its use. 


In civilian organizations, the role of the aircraft may 
be transportation of passengers or freight, training, aerial 
survey, crop dusting, private transportation, etc. In 
military organizations there are these roles plus those of 
fighter-interceptor, tactical support, strategic bombing, 
search and rescue, and so forth. Also, in military forces, 
the numbers of aircraft types and of individual airplanes 
usually are far more extensive than in any one individual 
civilian organization. 


MAINTENANCE STAGES 


The R.C.A.F. divides maintenance into four stages: 
first line; second line; third line and fourth. Briefly, the 
division is: 


(a) Ist line: Servicing, including refuelling, arming, 
cleaning, preflight inspections, very 
minor repairs, etc.—usually carried out 
by the operating flight or squadron. 


(b) 2nd line: Periodic inspections; relatively minor 
modifications, repairs, special inspec- 
tions; replacement of components and 
accessories; and general light mainten- 
ance — usually carried out by a support 
group of the operating Unit or Base. 


(c) 3rd line: Reconditioning; major repairs; modi- 
fications; and general maintenance — 
usually carried out by R.C.A.F. Repair 
Depots and/or civilian Contractors 
(both large and small). 


*Paper read before the Montreal Branch of the C.A.I. on the 16th 
November, 1955. 
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(d) 4th line: Complete overhaul; major repairs af- 
fecting primary structure; conversion 
of equipment; and general heavy main- 
tenance — usually carried out by civil- 
ian Contractor (often by the original 
manufacturer). 


First line maintenance (primarily between flight 
servicing ) and fourth line maintenance (overhaul and 
repairs of major damage) are pretty straight forward 
and commonly accepted for what they are. 


Second and third line maintenance, however, are a 
little more complex and have been in a state of flux 
undergoing various stages of development and, we hope, 
progress. Within the scope of this discussion, then, let us 
concentrate on second and third line maintenance. 


SECOND LINE MAINTENANCE 


In second line, the major area is periodic inspections. 
These inspections, or checks, are just that — inspection 
of specified areas, systems and components at planned 
intervals. (These intervals are usually calculated in flying 
hours, although the R.A.F. are gradually switching to 
calendar cycles and the R.C.A.F. is considering the pos- 
sibility of calendar cycles, for at least some aircraft 
types.) The periodic inspection is designed as a medium 
of preventive maintenance, but unfortunately the tend- 
ency has always been to add items to the inspection and 
a strong reluctance to delete items, even though ex- 
perience shows a high degree of reliability for such items. 
Most people feel that many of these items should con- 
tinue to be inspected just in case something might be 
found. This “just in case” attitude not only complicates 
and increases the cost of periodic inspections but often 
causes defects to be “built-in”. Research, by many mili- 
tary organizations, shows that a large number of defects 
occur within a short interval after a periodic inspection 
and are caused by excessive “tinkering” — in many cases 
it would have been better to have left well enough alone. 
How far the “just in case” theory should be applied is 
difficult to specify with accuracy. In most cases it has 
been proven that most military aircraft are over- 
inspected. 


There are several things to consider in devising a 
periodic inspection schedule, three of which are: safety; 
operational efficiency; and economy. Those items, the 
failure of which affects safety, allow for no compromise 
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whatever. The other items leave much more leeway 
and are subject to many more considerations. Failure of 
an item which affects passenger or crew comfort is 
much more serious for an airline than for the military. 
The failure of certain items of operational equipment 
(radar, armament, etc.) mav be much more serious to 
the military, where they impede operational effectiveness, 
but not necessarily the flying characteristics of the air- 
craft. 


Thus, all items must be considered relative to the role 
of the aircraft and the importance of such item to that 
role. Economy is often a nebulous factor and must be 
considered carefully — a particular item, itself insig- 
nificant and relativ ely unimportant, may inv olve a con- 
siderable amount of time and effort to ‘replace, possibly 
because it is inaccessible. Replacement during regular 
maintenance checks is often advisable in such Cases. 
Other items may be removed, bench checked and re- 
turned to use; completely serviced and returned to use; 
overhauled and returned to use; or merely disposed of 
and replaced. Considerations here are cost of such ser- 
vice, repair or overhaul compared with the cost and 
availability of a new item and the reliability of the re- 
paired item compared with that of a new item. 


There is a limit to the number of inspectors, mech- 
anics, or technicians that can work on an aircraft at any 
one time, particularly in areas of congestion (such as 
cockpits). So, in addition to determining what items 
should be included in the periodic check, it is important 
to determine the allocation of work to various members 
of the inspection crew and to plan the sequence of such 
work, in order that a balanced team completes the in- 
spection (and resulting rectifications and replacements) 
efficiently, with a minimum of interference one with the 
other, and in the least possible elapsed time. 


Periodic inspections are the prime tool of a system of 
preventive maintenance, but should be developed and 
practiced with careful, planned consideration. Too little 
causes a high penalty in the occurrence of “non-routine” 
maintenance and introduces potential safety hazards; too 
much causes additional cost in manpower, equipment, 
dollars and time. The optimum lies somewhere in be- 
tween. 


Elapsed time — or total time that the aircraft is out 
of service — is equally important to airline and military 
operators. To the airline, such time is necessarily w asted: 
the equipment is not av ailable for revenue operation. To 
the military, the equipment is not available for operational 
use — whether it be actual use or readiness for potential 
use. 


The establishment of realistic lives for components 
and installed equipment is very important. Initially, on 
new types of equipment, its reliability is unknown and 
usually relatively short lives are established. The item 
is replaced at regular i intervals and careful records should 
be kept on the ‘condition at such times and the rate of 
failure of such items in service. These records can be 
analyzed and the lives extended gradually and in many 
cases even dispensed with, as reliability is proven. Other 
cases may occur where failure rates indicate a shorter 
replacement life is necessary. Again analysis must be 
careful and realistic; the “just in case” attitude can be 
costly and often is needless. 
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THIRD LINE MAINTENANCE—“CAIR” 


Third line maintenance, up until a short time ago, 
was a rather indefinite category and often merely a term 
used as a catchall for any work, related to maintenance, 
that did not properly fall within any of the other 

categories. 


For many vears it was realized that complete over- 
haul of an airplane was costly and in most instances un- 
necessary, but the condition of the aircraft reached 3 
stage W here it was beyond the facilities of the operating 
Unit to economically maintain in a satisfactory state of 
repair and reliability. The only recourse was to a com- 
plete overhaul. An attempt was then made to send such 
aircraft to a suitable Contractor for repairs and recon- 
ditioning “‘as necessary”. The frequency of such required 
instances could not be forec -ast and no orderly or long 
range planning was possible by either the R.C.AF. or 
the Contractor. Thus, the workload varied from high 
peaks to low valleys. Such practice was uneconomical: 
it hampered the most efficient allocation and spending of 
the overhaul dollar; there was no possibility of standard 
procedures; and the Contractor could not deve elop best 
utilization of repair facilities, because of the intermittent 
commitment. 


Such overhaul policy did not take into account the 
effect of progressive deterioration of aircraft. It is not 

economically wise nor technically sound to allow air- 
craft to reach a point where routine maintenance is no 
longer practicable. 

The cost of such a complete overhaul, returning the 

aircraft to an “as new” (or zero hour) condition, often 
approached the original cost of the aircraft. The need 
existed, therefore, for a detailed specification or work 
package, for efficient and economical reconditioning and 
modernization of R.C.A.F. aircraft. Such work, on a 
planned and balanced program would offer many aé- 
vantages to all concerned the Contractor as well as 
the R.C.A.F. Such a program would also establish reliable 
and efficient facilities for repair and overhaul, and main- 
tain a skilled work force. Without the existence of ex- 
tensive third and fourth line maintenance facilities within 
the R.C.A.F. itself, the Canadian aircraft industry is, in 
effect, a significant and necessary part of the R.C.A.F. 

Now what type of program would provide these 
advantages and, at the same time, not throw up numerous 
disadv antages or additional complications? A careful 
— began, early in 1954, of various plans, in an effort 

» dev elop one most suited to R.C.A.F. requirements. 
The USAF system known as IRAN (Inspection and 
Repair as Necessary) was evaluated and some aspects 
adopted for the basic nucleus of the R.C.A-F. plan 
Further research proceeded into methods employ ed by 
other military forces, civilian airlines and commercia 
operators, and _ this developed into the program now 
known as CAIR (Calendar Aircraft Inspection and Re- 
pair). 

The basic principle of CAIR is the recognition o 
the need for a comprehensive long range ov erhaul pre- 
gram incorporating the concept of progressive ov erhaul 
Under CAIR, aircraft will undergo periodic maintenance 
at Contractors (or Repair Depots) at specified c calendar 
intervals based on the role and utilization of the aircraft 
The extent of work done will be, as a rule, confined ® 
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those items which are beyond the capabilities of the 
field Unit and which fall more closely into the category 
of fourth line maintenance. 


The extent of such work is outlined in a CAIR Hand- 
book prepared for each aircraft type. This Handbook 
lists in detail the inspection to be carried out, the con- 
dition to be looked for, acceptable limits of wear or 
deterioration and the degree a rectification required. It 
is the prime tool in the whole CAIR concept and prov ides 
a clear, concise and comprehensive work specification 
and is designed to eliminate the ambiguities and vague- 
ness usually inherent in the general type of military 
overhaul specification. The end result is aircraft which 
are: 

(a) completely airworthy. 

(b) capable of fulfilling their current operational 

roles, and 

(c) readily capable of being maintained by the field 

Unit between CAIR’s. 


The longer an airplane remains in service, the greater 
the degree of wear and the more difficult it is to main- 
tain in a fully serviceable state. Inevitably this “wear 
factor” would reach a point at which it would be no 
longer practicable for the aircraft to be maintained in an 
airworthy condition. Under C AIR, the length of calendar 
cycle determines the maximum “wear factor” that will 
be reached. On being returned to service, after a CAIR 
inspection, the aircraft’s “wear factor” will have been 
reduced to a level governed by the extent of the Hand- 
book. Thus, by adjusting the calendar cycle and the 
details of the Handbook, the condition of the aircraft 
is maintained within predetermined acceptable limits, ex- 
pressed as “wear factor” for the particular aircraft type. 


During an aircraft’s initial CAIR, major modifications 
and certain repairs and replacements will be accomplish- 
ed. On subsequent CAIR’s the aircraft will again be 
completely modified to current standards and additional 
replacements will result. Eventually, after a number of 
CAIR phases have been completed, all of the w ork that 
would normally have been completed under a “zero 
hour” overhaul will have been accomplished. So, CAIR 
is also a form of progressive overhaul with other signifi- 
cant advantages: 

(a) The aircraft spends its whole service life in the 

lower, narrower, wear factor region. 

(b) The amount of 2nd line maintenance required 

remains more or less constant regardless of the 
aircraft’s age. 
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(c) The original cost of zero hour overhaul is spread 
thinly over an extended period. 

(d) The aircraft is back in service in a minimum of 
time. 

(e) CAIR phasing is predetermined, greatly simplify- 
ing spares procurement and fiscal and operational 
commitment plannin 

(f) Predetermined CAIR phasing assures Contractors 
an even workload flow and makes possible the 
employment of production line methods with re- 
sultant reductions in cost to the R.C.A.F. 


Thus the aircraft are maintained from day to day at 
the flying Units and are brought in for expert check- ~ups 
at certain calendar periods. In this w ay, by doing minor 
repairs often, we avoid the costly major repairs when 
deterioration has advanced to the point where overhaul 
is necessary. Additionally, the work load at Units is 
reduced and the need for costly mobile repair parties 
(from Contractors) is cut to a minimum. Higher utiliza- 
tion is possible and the aircraft are maintained at a higher 
degree of serv iceability and operational readiness. 


An additional advantage of such a program is a by- 
product heretofore not available. It provides a medium 
of evaluation of the maintenance standards at field Units. 
The extent of reconditioning and modifications required 
reflects directly on conditions in the field. Analysis of 
this provides for assessment of the calibre of field main- 
tenance, suitability of quantity and quality of personnel, 
conscientiousness of supervisory staffs, adequacy of 
available equipment, effectiveness of periodic inspection 
schedules, comparison of flying commitment with avail- 
able manpower and equipment, etc. Details of conditions 
found during comprehensive inspection surveys of the 
aircraft, on arrival at the Contractor’s, provide data for 
such analysis. Thus the maintenance procedures and 
system can be evaluated and improved where found in- 
adequate. Similar analysis or evaluation would not be 
possible without prohibitiv ely large inspecting staffs. 


To summarize — Proper application of a CAIR pro- 
gram ensures: 

(a) that aircraft are maintained at a high level of 
modernization and serviceability throughout their 
service life, and 

(b) that a state of maximum preparedness is achieved 
by activating and maintaining, in being, the 
civilian repair facilities. 

The CAIR program is presently only in the trial and 
implementation stages and its success requires the en- 
thusiastic co-operation of all levels, both in the R.C.A.F. 
and in the civilian Contractors engaged in the program. 
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A REPEATING PARACHUTE? 


by H. T. Stevinson* and Dr. P. Mandl** 


National Aeronautical Establishment 


SUMMARY 


A new parachute is described which can open, rotate, wind 
up its shroud lines, close, unwind the lines, reopen and repeat this 
process. Because of this ability to repeat without auxiliary devices 
it has been called a repeating parachute. It may, however, have 
applications in which only one cycle, fractions of a cycle or 
many cycles are involved or when it is beneficial to vary the speed 
and direction of rotation anywhere from zero to full speed in any 
part or parts of the cycle. 
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The repeating parachute was developed to increase height 
and accuracy of supply drops from aircraft. 


OPT 





INTRODUCTION Traj 


a repeating parachute was developed to meet the la. Special supply dropping container on aircraft. | and 
requirements of a particular supply-dropping prob- shov 

lem. A special supply container, Figure 1, and payload 

were to be dropped from an aircraft at altitudes higher 

than normal and with greater than normal accuracy. ; A 

After landing, the parachute was not to drag the load. ; ree 


The largest recognized source of error from the start 
was that due to unpredictable wind shift. The required 
accuracy was to be gained by trying for a shorter than 
normal time of fall. To obtain a sufficiently short time of 
fall with a conventional parachute a speed of descent of 
150 ft/sec was required. Landing at such a velocity, 
however, could not be tolerated. A delayed parachute 
system introduced large additional errors because it 
demanded aiming so far ahead of the aircraft that — 
sighting angle became a shallow one. This resulted i Ib. Crossbow for model parachute tests. 
intolerable errors on rolling terrain. It was thus necessary 
to use another parachute to destroy momentum in line 
of flight and later to disconnect it to allow rapid vertical 
descent. The delayed parachute was to open in time for 
a gentle landing as before. This meant that at least two 
parachutes, two time delays, and two heavy parachute 
releases were implied. Since the load was to be aero- 
dynamically stable before any parachute release, very 
little w eight in the tail could be tolerated. Also, such a 
complex system was considered of doubtful reliability. 
Thus great efforts were made to find some alternative. 

The repeating parachute with its versatile behaviour 
replaces all the above items. Its bulk, weight, and relia- 
bility are comparable to those of a single conventional 
parachute. 
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le. Arrangements for towing full scale parachutes. 


+This article is an extract from a paper (Reference 4) presented 
by the authors at the Annual General Meeting of the C.A.L., 
in Toronto, on the 20th May, 1955. 

*Group Head, Special Projects Group, Flight Research Section. 

**Associate Research Officer, Aerodynamics Section. Equipment used for parachute development 
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Calculated trajectories 


In order to discover the ideal proportions for an 
accurate trajectory of this complex type, the problem 
was attacked by studying the behaviour of models fired 
from a crossbow on a roof and towed by car, Figure 1, 
and also by a theoretical program. 


OPTIMUM TRAJECTORY 


Figure 2 shows some of the results of the early study. 
Trajectories for low and high terminal velocities of 50 
and 150 ft/sec are shown at (a) and (e). A free fall is 
shown at (d) and a delayed opening trajectory at (c). 


REPEATING PARACHUTE 
v > ue 104 
£ 


429.0 ve 105 


210.0 Vel OPEN 


{Closed 


$912.0 Vale! 


__ 2813.0 Vel? 


be 
w 
w 
w 
J 
é 


1214.0 VeiTa 
__t818.0 VelT2 


16.0 Vei72 
—" PeCLOSED 
OPEN 
t#17.0 V=i20 


$18.0 Vsi04 
400 600 800 P 1200 1400 


1219.0 V#99 


The ideal trajectory appeared to be one that com- 
bined high falling speed with a steep angle of descent 
and gentle landing. This demanded that the parachute 
be opened twice, immediately after release to destroy 
momentum in the horizontal plane, and later to provide 
a gentle landing with highest possible falling speed in 
between. 

Two such trajectories are shown at (f) and (g) for 
50 and 90 ft/sec systems respectively. The 90 ft/sec 
repeating system (g) yields slightly better accuracy than 
the simple 150 ft/sec system at (e), with a landing speed 
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Figure 3 
Calculated and experimental trajectories from 2000 feet 


February, 1956 


61 





of 91.8 ft/sec instead of 144.3 ft/sec. Figure 3 shows A 


a comparison of delayed and repeating parachute- -load founc 
trajectories from 2,000 ft of altitude. The repeating T 
system shows an even greater advantage from this altitude the p 
because the system can be left falling vertically at high to ab 
speed for a larger percentage of the ‘time. oS The 
The evolution of the repeating parachute will be es rotati 
covered in some detail because it shows the reasons for . } speed 
the final design. point 
’ \ ; . — rotat 
EVOLUTION OF THE REPEATING PARACHUTE RP furth 
To make a parachute close and open at desired times “a i that 
or places in a drop, some means of sensing time or 7 : a whee 
distance and of providing controlling power ‘had to be ; The 
found. “2 mode 
After discarding several ideas it was decided that ( 
allowing the canopy to rotate would at once provide a (. 
means of sensing air distance and a source of power for — ' ( 
control without" adding any foreseeable penalty. %. Fon ee Se in a drop from 

Parachutes that could be rotated slightly for the ; (. 
purpose of facing a jumper down wind have been known A 
for some time. incor 
In 1948 a Frenchman named Ehmig patented a rota- insid 
ting parachute with radial slots which was claimed to —— | ee :  gores 
wind up its shrouds and collapse on landing. ae ~ i Thus 
Repeating parachute models > ee. & r P ™ SS \: by c 
No knowledge is at hand of any attempts elsewhere gO Se ee eh Full | 
to operate a repeating parachute. In 1951 the first known oe T 
repeating parachute model was operated in Canada by with 
H. T. Stevinson. This model, Figure +, was made by .. hehe 
cutting radial slots in a small conventional parachute wel 
and by attaching it to a flywheel towed rapidly by a Av. 4 ‘ diffic 
vehicle. The parachute opened at low speed, spun moder- rae ; the | 
ately fast, wound up its shrouds and collapsed, where- latte: 
upon its rate of rotation decreased and became erratic. anes 
When the flywheel inertia was large, the parachute sels 
turned while collapsed as fast as the flywheel itself, and 5 : The 
therefore remained collapsed. When the flywheel inertia open 
was small, the flywheel reached full speed before the ; : aod 
shrouds were sufficiently twisted to collapse the canopy. oo Sees Sony Gener plete 
250 | 
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4a. First repeating parachute model. 4d. First accurate repeating parachute. _ 

Figure 4 “All, 

Repeating parachute evolution _ 
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An intermediate setting for flywheel inertia was 
found and the following action was observed: 


The canopy opened, spun and twisted the shrouds to 
the point of collapse. By this time the flywheel was up 
to about three-quarters of the maximum parachute speed. 
The canopy collapsed at this point and slowed down in 
rotation. The flywheel continued at almost its maximum 
speed so that the shrouds commenced to untwist to the 
point where the canopy reopened and commenced to 
rotate rapidly again. As soon as the canopy reopened a 
further torsional impulse was applied to the flyweel so 
that before appreciable rewinding took place the fly- 
wheel was rotating at the same speed as the parachute. 
The canopy then remained open indefinitely. Thus three 
modes of operation were obtained: 


(1) Open and remain open. 
(2) Open, close and remain closed. 
(3) Open, close, open and remain open. 
In later models a fourth mode was discovered: 
(+) Open, close, reopen and repeat several times. 


Another type of repeating parachute model was made 
incorporating the important advance of a control ring 
inside the canopy. This served to tilt all the vanes or 
gores because it was fastened to only one edge of each. 
Thus the pitch of all the vanes could be adjusted simply 
by changing the length of the control ring. 


Full seale repeating parachutes 


The first full scale parachute was made of canvas" 
with overlapping but independent gores. However, it 
behaved unsatisfactorily because the overlapping gores 
would scarcely allow the parachute to rotate. This 
dificulty was overcome by cutting off the overlap but 
the parachute was then subject to gore tangling. The 
latter was partially overcome by the use of several cords 
across each radial slot. A successful drop was obtained 
with this parachute attached to a load of about 70 lb. 
The parachute opened, closed, reopened and remained 
open to the ground. A release speed of 135 knots was 
used from an altitude of 2,000 ft. The cycle was com- 
pleted in about two-thirds of the drop. Later, in tests at 
250 knots”, the canopy burst as did a copy of this model. 


Control ring 


A smaller cotton parachute having a nylon cord 
framework was next made and tested. This withstood 
the opening shock at 250 knots and produced two 
complete cycles of operation. It incorporated an impor- 
tant advance, the ability to reverse its direction of 
rotation while collapsed so that unwinding of the shroud 
lines became certain. This was accomplished by attach- 
ing the control ring to the Opposite set of gore edges 
instead of the original ones. The parachute, without the 
control ring, was built so that its gores had a small tilt 
angle w hen inflated. The control ring was attached so 
that it reversed this tilt when the canopy was inflated. 
When the canopy deflated the control ring sagged and 
the original tilt became effective. Thus, the canopy 
would rotate rapidly clockwise while open, and slowly 


‘Canvas was used for low porosity to make up for the leakage 
through the radial slots and because it was thought a heavy 
cloth would have more centrifugal force on it. 

*All drops from here on were made at 250 knots unless otherwise 
stated. 
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anti-clockwise while closed. This greatly increased the 
reliability and accuracy of reopening. A larger cotton 
parachute was built to the same design. It was tested and 
tore at the point where the control ring was attached to 
each gore. This proved a difficult manufacturing prob- 
lem owing to stress concentration at this point, and was 
not really solved until the nylon cord framework was 
replaced ‘by a nylon tape framework that could be sewn 
properly at the junctions, 

At this stage many more experiments were conducted 
to determine: 

(a) The correct amount of shirring of the cloth on 
the framework to allow for framework stretch under 
load without unduly reducing rate of rotation. 

(b) The correct amount of weight, if any, to place 
on the periphery of the canopy to obtain crisp action 
and increased drag. 

(c) The correct size of slots to allow, simultaneously, 
reliable opening at high speed without bursting, and 
high speed rotation without disturbing the collapsing 
behaviour. 

(d) The correct shape for the gore mouth to allow 
both reliable opening and reliable collapsing. 

Four more parachutes of increasing size were made 
using slightly porous nylon. More variations and experi- 
ments were tried on these configurations with a view 
to obtaining crisp reliable action under all conditions. 
As a result, a good gore shape and settings for all dimen- 
sions were obtained, so that maximum tolerance in manu- 
facture could be allowed. During this process a most 
important development, that of forked shroud lines, 
evolved. This eliminated completely the tendency for the 
free gores to tangle on opening, and yet allow ed them to 
spread on landing to give instant collapse. 

A serious problem encountered was that the tolerance 
on control ring adjustment was only +0.7 percent. To 
solve this problem, it was necesary to understand the 
mechanism of parachute opening and closing. 

Inflating a parachute canopy may be compared 
loosely to trying to inflate a leaky balloon. If the leakage 
is smaller than the inflow, the balloon inflates. If the 
leakage is greater, it défenes. Here the analogy ends 
because in a parachute an important new factor enters. 
The angle of attack of each gore mouth to the local air 
stream is controlled partly by the length of free shroud 
line. Thus as the shrouds on an inflated canopy wind up, 
the gore mouths are drawn inward. They reach a point 
where the angle of attack goes through zero. This tends 
to drive the cloth from a convex to a concave shape, 
Figure 5. Generally, a large reduction in diameter occurs 
before static equilibrium is again reached and then the 
cloth area near the gore mouth is pressed inward by the 
air stream, and is supported like a suspension bridge by 
the gore framework which extends from the shroud 
ends, along the gore edges to pass over the bubble of 
air trapped in the rear of the canopy. As the shrouds 
unwind, the converse process of passing rapidly from 
one equilibrium diameter to another takes place, with 
the gores this time changing suddenly from concave to 
convex, Thus it is seen that two stable states exist with 
a dynamic state between them. A repeating parachute 
must pass reliably back and forth between these two 
stable states. To make the parachute do this the control 
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5a. Open and spinning. 


II I Se Te ts 
5e. About to reverse and open. 


Sb. About to close. 


5f. Reversed and spinning. 


Figure 5 
Repeating parachute towing at 73 ft/sec 


ring must be set so that the reversal of gore pitch takes 
place in the dynamic region. Otherwise, rotational stal- 
ling will occur in one stable state or the other. This will 
prevent proper shroud twisting and the parachute will 
fail to alter its diameter. Thus the need for accurate 
control ring setting occurred. When this was com- 
pounded w ith the fact that the ny lon ring stretched 
under load, it became important to find a design that 
would tolerate large control ring variations. 


Gore shaping 

An important discovery was made that overcame this 
trouble. It was found that the size of the dynamic region 
could be varied from zero to a large value by shirring 
the mouth of each gore. Experiments show ed that 28 
percent shirring was just right for the new parachute 
using a tape frame, Figures 5 and 8. 

The: important item here seemed to be that if a gore 
became rapidly narrower near the mouth, the lip would 
be held tight by the larger inflated portion behind it. 
Conv ersely, if the gore was a constant width or increased 
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near the mouth, then slack existed in the lip because the 
nearby inflated portion was not large enough to stretch 
it. The 28 percent shirring was a convenient way t0 
produce a suitable gore shape i in a parachute of this size. 
It is quite probable that shirring could be eliminated, if 
desired, by proper gore shaping. 


Critical shroud length control 

The tolerance to control ring diameter errors was 
increased to the point where it was no longer a concer 
by the following procedure. 

The leakage from the canopy was adjusted by setting 
the vent and slots. Large leakage meant that collapse and 
reopen would take place with long free shrouds. Small 
leakage caused short critical shroud lengths. The critical 
shroud length for collapse was adjusted to about 37 per 
cent of the canopy diameter‘ by adjusting this leakage. 
The’ critical shroud length for reopen was set at about 
100 percent of the canopy diameter by adjusting the 
mouth shirring. Although interaction occurred between 


‘Diameter of canopy laid out flat. 
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Figure 6 
Repeating parachute dropping from aircraft flying at 423 ft/sec 


these adjustments a suitable design was obtained and 
these adjustments were checked at about 80 ft/sec in 
towing tests. A total experimentally determined shroud 
length of about 1.7 times the flat diameter was allowed 
to provide good opening up to 400 ft/sec and reopening 
up to about 200 ft/sec. When this design had been found, 
a suitably wide dynamic region was provided so that the 
control ring size need not be critical. 


Length of cycle 


An 80 in diameter parachute, Figure 4, incorporating 
most of these important advances, was dropped 10 times 
from 2,500 ft with a 200 lb load having a moment of 
inertia of 0.842 slug ft? about its long axis. It showed no 
sign of damage and repeated very accurately. A typical 
trajectory obtained with this parachute is shown in 
Figure 3. A copy of this parachute was made and ad- 
Justed to repeat in towing tests. It was dropped and gave 
almost identical behaviour. Both these parachutes used 


: shroud lines and gave a cycle suitable for 2,100 ft of 
all, : 
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Production and tests of short cycle repeating parachute 

A short cycle repeating parachute suitable for drop- 
ping a 300 lb load from 1,100 ft was obtained by using 
48 shroud lines. This design, Figure 5, was frozen and a 
total of seven parachutes were made to the same design. 
Six of these produced an open, close, open and remain 
open performance on a 300 Ib load without any adjust- 
ment. The moment of inertia of’ this load was about 
1.18 slug ft*. 

The cloth used in this series was nylon having a 
strength of 80 Ib/in and a porosity of about 5 cu ft of 
air per sec per sq ft with a test pressure equal to 10 in 
of water. 


Effect of porosity and scaling 

The effect of very low porosity cloth was determined 
by building another parachute to the same design with 
cloth having a porosity of about 2 ft*/sec. This para- 
chute provided somewhat more drag and more torque 
at the load. It operated in the no collapse mode when 
dropped with the 300 Ib load. A half scale model was 
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Figure 7 


Free gore parachute landing at 40 ft/sec 


made with the same cloth and also gave a no collapse 
mode during a drop with a scaled down load of 37 Ib 
and a moment of inertia of 0.044 slug fr?. 


A one and a half scale parachute was made and 
dropped with a scaled-up weight of 1,012 lb and a long 
axis moment of inertia of 10.2 slug ft°. This was 14 per- 
cent over the scaled-up value. It gave a crisp open, close, 
open behaviour, Figure 6. The same parachute was later 
attached to a 100 lb load giving a terminal velocity of 
about 40 ft/sec. Figure 7" shows how the free gores 
separate on landing and quickly spill the entrapped air, 
thus providing automatic collapse on landing. This 
behaviour was observed in a 12 mph wind. A smailer 


parachute landing at 125 ft/sec collapsed instantly in a 


“Taken at 5 frames/sec. The load diameter is 1 ft. 
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35 mph wind. No tests have been made in winds ol 
higher velocity. 


Summary of repeating parachute evolution 

The repeating parachute evolved from the rotating 
parachute during a three year process in which 28 expet- 
mental parachutes were produced and tested in 1682 
towing tests and 64 drops from aircraft. Each of the first 
18 parachutes was modified and adjusted in many ways 
find an optimum design. The last 10 were produced 
from a frozen canopy design at three different scales 
and*with two different cloth porosities. The tests showed 
the final design to be reliable, accurate, tolerant and of 
about the same bulk and weight as a single conventional 
parachute, performing the function of two parachutes 
a timing device and two heavy parachute releases. 
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Figure 8 
Repeating parachute produced at N.A.E. 


INSTRUMENTATION AND ANALYSIS 

Throughout the practical dev elopment of the repeat- 
ing parachute, motion pictures of its behaviour in low 
speed towing tests were taken and analyzed frame by 
frame. In addition, the tow ing rig, Figure 1, was fitted 
With instruments for measuring parachute drag, torque, 
air distance, air speed, and fly wheel revolutions. Thus 
it became, in effect, an analogue computer on which a 
great many problems were solved and extrapolated to 
produce solutions for the dropping case. On two occa- 
sions these experiments were supplemented by short 
tests in the low speed wind tunnels of the Aerody namics 
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Laboratory. Extrapolations were then checked against 
motion pictures of high speed drops from aircraft. These 
were taken with a kine- theodolite, and three motion 
picture cameras located on the ground, and two located 
in the dropping aircraft. Pictures were also taken at 900 
frames/sec, using a special camera in a pacer aircraft. 
Linear and rotational behaviour was analyzed and ap- 
proximate forces calculated. 

Throughout the whole practical development a 
theory gradually evolved !: 2 % which fitted more 
closely to the experimental curves obtained from these 
motion pictures. Gradually the effects of more variables 
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were included in the theory until a total of about forty 
were allowed. In the early stages the theory lagged 
considerably behind the practical development. In the 
later stages ‘the theory yielded such a broad understand- 
ing of the phenomena “that dropping experiments were 
designed to check advantages indicated by theory. These 
experiments in turn influenced the further dev elopment 
of the theory. This process repeated itself many times 
and increased in frequentcy to the end of the project. 


The fundamental equations for the rotary motion are 
developed in References 1 and 3. : 

The influence of the linear motion on the rotary 
motion is nearly enough given by P 


dv av v2 
ar V ame (co 77> ra) (1) 
where 
V = forward velocity 
V, = terminal velocity 
g = acceleration due to gravity 
t = time 


§ = air distance 

Y = average angle of inclination of the trajectory. 

Eq. (1) is one of the hodograph equations normally 
used in ballistic theory. 

The basic equation for the rotary motion is obtained 
by equating the rate of change of angular momentum 
of the load to the torsion supplied by the twisted shroud 
lines. This yields 


oF... 
I fie 7 (2) 

where 

I = axial moment of inertia of the load 

T = torsion in the rope 

¥ = angular position of the load. 

The torsion is related to the total drag, D, and the 
twist, 6, by the following expressions derived in Refer- 
ence 1, 


‘ : 
= 3 PD Rx () (3) 
where 
os ae > 
fe) =| —« © <1 
|_r0 


is obtained from a simplified model representing the 
shroud winding and 

Rx = effective outside radius of the rope 

R = average radius of the rope 

r, = effective canopy mouth radius 

L = total length of shroud line. 

On substituting (3) into (2), expressing the drag, D, 
in terms of the linear velocity V, and using Eq. (1), the 
followi ing equation for the rotary motion is obtained: 


d?@ * 72 dé re V2 9 
v3 733 +] qV? + g (cos y — V2) ds + gg (cosy — v2) + 
2 RxgV? f(8) v2 
3 K?v2 pg (cos ¥ — V2 = 0 (4) 
where 


p, q = coefficients relating the twist with the inverse 
pitch of the parachute 
K = radius of gyration of the load. 
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Eq. (4) has been approximated by a rae a: 


ential equation by linearising the function f (6). This 
linear differential" equation is of the form 

a6 do 

aa +4 + BO = c (5 


where the coefficients A, B, C depend on the parachute 
parameters listed above. 


If, for instance, A?>4B the solution of (5) subject 


to proper initial conditions is 


A 
C} . 9° sinh (vs + 6) 


B| sinh 6 | 


y= pa) 4? - 48 


v 
tanh 6 = —— 


where 


dé 
ds 


Eq. (5) was expressed in terms of non-dimensional 


6;’ being the initial value of 


variables and yielded the following scaling law for f 


a systems. If a system is scaled by the ratio 


: 1 then 
As Pi Ks Vis \? W\3 : 
i a ae () : (7) ° 
where 


P = inverse pitch of the parachute 
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Figure 9 
Boundaries of critical regions of parachute performance 
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A = radius of unstressed gore, measured from apex 

along the fabric to the periphery 

W = weight of the load 

and subscripts 1 and 2 denote two homologous 

systems. 

The theory was put to practical use and samples of 
the results are shown in Figure 9. Here the conditions 
defining the boundaries between the different modes of 
operation of a particular repeating system are displayed. 
Figure 9 shows two sets of boundaries plotted against 
the design parameter K* (K = radius of gyration of the 
load and V, = terminal velocity of the parachute body 
system). All experiments analyzed have agreed with the 
theory. Because changing the number of shroud lines 
is a convenient method used to control the length of the 
repeating Cy cle, a set of boundaries for a parachute with 
16 lines (long cycle) and another with 48 lines (short 
cycle) are shown. The single collapse region is of great- 
est interest in this application. It can be seen that a 
broader region exists with a system using 48 shroud lines. 
This is of great practical value because in normal oper- 
ation a range of air density of about +23 percent is to 
be expected. 


CONCLUSIONS 


A stable repeating parachute has been developed and 
produced in small numbers, During the last four years, 
under research conditions, approximately 65 high speed 
drops and 1,700 low speed ground towing tests have 
shown that the parachute performance can be made 
accurate and reliable. The repeating parachute may in 
certain cases increase dropping accuracy by a factor of 


10 to 1 relative to that of a delayed parachute. In some 
cases it may replace a complex system of parachutes and 
controls. As it can be set to repeat many times, once, or 
not at all, it is versatile in its ability to control itself and 
should find widely scattered applications that will exploit 
at least some of the new features in its design. Consider- 
able effort has gone into developing this design so that 
it is easy to make and is tolerant to normal manufacturing 
errors. Because the repeating parachute is designed to 
allow accuracy from a higher range of altitude does not 
mean that the same system is excluded from low altitude 
drops, e.g. a useful low altitude range of 200 to 700 ft 
exists with a system designed to repeat from 2,000 ft or 
above, Figure 3. 


The repeating parachute design may be easily ad- 
justed to perform in many w ays not recounted here. A 
number of these were encountered and rejected during 
the development for this particular purpose. A great deal 
of experience is on hand regarding the effect of varying 
the important design parameters. This coupled with the 
detailed theory should make application to new problems 
easy. 
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SECRETARY’S LETTER 


on myself away from the demands of the Journal, 

I spent a w eek in mid-January visiting the western 
reaches of the C.A.I. It was a most interesting and enjoy- 
able tour. In Calgary on the 12th, Edmonton on the 13th 
and 14th, Vancouver on the 15th and 16th and Wi innipeg 
on the 17th and 18th, I met the Officers and many of the 
members of the Branches and we talked about almost 
everything. I learned a great deal about the C.A.I. It was 
all very encouraging but it was evident that there is a 
great deal yet to be done. 


CALGARY 


As yet we do not have a Branch in Calgary but we 
have a small group of members there and I felt that I 
should certainly look in on them while I was in the West. 
Mr. W. E. Jamison, the Interim Secretary, arranged a 
little meeting and about a dozen of us sat around a table 
and talked about our problems for two or three hours. 
There is a potential for a large Student Section in 
Calgary; Mr. J. Bradley, the President of the Students’ 
Club of the Provincial Institute of Technology and Art, 
was at the meeting and showed a good deal of interest 
in the C.A.I., and Mr. W. A. B. Saunders, the Vice- 
Principal and Head of the Aeronautics Department of 
the Institute, assured me that, if we should start a Student 
Section in Calgary, it would be second to none in enthus- 
iasm and activity. Apart from the Students the potential 
membership in ‘Calgary is not very great but, with a 
little publicity of the objects of the C. ALL, I believe that 
enough members could be enrolled to justify the for- 
mation of a Branch and that, once formed, such a Branch 
would be effective and permanent. 


I cannot leave Calgary without reference to Mr. S. N. 
Green. To anyone interested in aeronautical history, I 
can recommend a cup of coffee with Mr. Green. Many 
people will have heard of the replica Blériot which he 
built at the Calgary Institute and which flew the English 
Channel last summer. (It flew the Channel both w ays 
because it was not allowed to land in England—not 
enough magnetoes or something like that!) Now he is 
quietly engaged on a Sopwith Pup. 
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C.A.I. LOG 


EDMONTON 


In Edmonton the formation of a Branch was approved 
a month or two ago, and since then they have been 
holding elections to ‘determine their first Execuitve Com- 
mittee. I was extremely lucky—and it was pure luck—in 
visiting Edmonton the day of their Inaugural Meeting, 
when the results of these elections w ere announced. In 
the usual perv ersity of things, despite their elaborate 
letter ballot, which ‘is a refinement not normally adopted 
in the election of a first Executive, they ended up with 
a tie for the office of Chairman—and they had no retiring 
Chairman to cast a deciding vote. Since spinning a coin 
seemed rather undignified, it was decided to put the 
two names in a hat and I was privileged to draw the 
winner. I drew W/C J. G. Portlock; as retiring “Interim 
Secretary”, W/C Portlock will be able to give continuity 
to the jus elopment of the Branch and I think that 
Providence guided my hand w isely in the “hat”. (The 
“hat” was a paper bag. ) 


There were about 30 members and guests at the 
meeting and, after the election ceremonies, I was given 
an opportunity to talk a little about the C.A.I. and to 
answer questions. Mme CC, Young who, with W/C 
Portlock, has been largely responsible for laying the 
foundations of this Branch, was elected Chairman of the 
Membership Committee and, even before the party broke 
up, I noticed him working on some of the guests; he 
appeared to be having some success—not that it was very 
difficult in that atmosphere. 


Edmonton has established its membership slowly and 
surely and it did not apply to the Council for approval 
of the formation of a Branch until it had over 30 
members, all of several months standing. Its foundations 
are well laid and I am sure that it will go forward as 
great asset to the Institute. As certainly the most wintery, 
if not the most northerly, Branch ‘of an aeronautical 
society in the English- -speaking world, I hope that its 
members will remember that we shall be looking to them 
to contribute to our knowledge on cold-weather subject 
I have always regarded this field as one in which the 
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CAI. can scarcely escape its responsibilities to the aero- 
nautical fraternity in more temperate climes. 

While in Edmonton I was taken around the plant of 
Northwest Industries, one of our Sustaining Members, 
and I was impressed by the amount and div ersity of work 
going through the shops. I wonder how many of our 
members ‘ ‘down east” realize what is going on in Edmon- 


ton. 
VANCOUVER 

I was looking forward to visiting the Vancouver 
Branch which was the first “native-born” Branch of the 
C.A.L; | expected that it would be interesting to see how 
they had developed and I was not disappointed. On the 
Sunday, I had a long and informative session with Mr. 
H. D. Cameron, the Branch C hairman, and his Executive 
Committee and we discussed almost every aspect of the 
Institute’s activities. On the Monday, Mr. R. J. Me- 
Williams, the Secretary of the Branch, took me to the 
Canadian Services College at Royal Roads, to talk to 
our several Student members there and to explore the 
possibilities of setting up a Student Section. The visit 
was well worthwhile and though the geographical 
obstacles are considerable, for Royal Roads is on Van- 
couver Island, I believe that a small and useful Student 
Section can be formed. Incidentally it seems possible that 
the Vancouver Branch will end up with two Student 
Sections—one at Royal Roads and one at the Univ ersity 
of British Columbia—and at the moment I do not see any 
way of combining them. 

‘The luck which had landed me in the Inaugural 
Meeting of the Edmonton Branch stayed with me in 
Vancouver and I was able to attend their January meet- 
ing on the 16th. It was a joint meeting with the British 
Columbia Section of the S.A.E. and there was a very 
good turn-out. It provided a welcome opportunity to 
meet many C.A.I. members, whom I had known before 
only as names in Headquarters’ records. 

T have two regrets about my visit. One is that I was 
unable to visit Canadian Pacific Air Li ines, Bristol Aero 
Engines (Western) and Okanagan Helicopters, our three 
picning Members in the district. The other is that Mr. 
Richmond, our President, who had been visiting the 
Coast and had hoped to join me in Vancouver, was 
unable to do so. He sent greetings which I was able to 
deliver to the S.A.E./C.A.L meeting. 


Calgary: 


(lto r) J. Zmurchyk, S. N. Green, G. Fryer, W. E. Jamison, H.C. 


WINNIPEG 


On arrival at Wi innipeg I was met by no less than 
two Branch Secretaries, Mr. R. T. Gibson, who has 
recently resigned from the job, and Mr. N. D. Brewer, 
who has succeeded him. That ev ening I was very kindly 
entertained by Mr. W. S. Haggett, the Branch Chairman, 
at what might be described as a Dinner meeting of the 
Executive Committee and one or two other members of 
the Branch. The Winnipeg Branch is growing very 
rapidly and, though its geographical situation makes it 
rather difficult for the Branch to obtain speakers, I think 
that it may develop into one of our bigger and more 
important units. 


Before leaving for Ottawa on the 18th, I visited the 
local Sustaining Members, Standard Aero Engine and 
Bristol Aircraft (Western). Unfortunately Mr. E, H. 
Moncrieff, the President of Standard Aero Engine, was 
away but I was shown round by Mr. A. T. L. Dyne, 
Plant Manager, they have a very clean and versatile 
operation. At Bristol I met several of our members and 
my old friend, the CF-100 Mk. 3. The Winnipeg Branch 
is very fortunate in having the whole-hearted support 
of Bristol Aircraft (W estern) and I believe that, together, 
they will go from strength to strength. 


SO WHAT? 
As I have said before, I urge our members travelling 
east and west to get in touch with any Branches on their 
itinerary. They may be lucky, as I was, and be able to 
attend a meeting here and there; there is something very 
refreshing about attending meetings at Branches other 
than one’s own. And if anyone is prepared to present a 
paper and knows his plans a little ahead of time, he should 
communicate with the Branch, or with me, or with Mr. 
E. B. Schaefer of Canadair, the Chairman of the National 
Programmes Committee, and I am sure that his offer will 
be most welcome; its fulfilment will do incalculable good 
to the development of the C.A.I. 


Luttman, G. MacLean, G. H. 


Ryning, J. Bradley, W. R. Burge, F. L. Hartley. (Not in the picture, W. A. B. Saunders and A. Shapiro.) 
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BRANCHES 


EDMONTON 
A REPORTED elsewhere the first Execu- 
tive Committee of the new Branch 

at Edmonton has been elected, with the 
exception of the two members who will 
represent the Branch on the Council. 
The name and address of the Secretary 
is, 

Mr. H. E. Davenport, 

11906 - 104th Street, 


EDMONTON, Alta. 


POTENTIAL BRANCH 


A few members at the R.C.A.F. Sta- 
tion, Cold Lake, Alberta, have expressed 
a desire for the formation of a Branch 
there, and they are now busily engaged 
in persuading others at the Station to 
apply for membership, in order to bring 
their numbers up to the required level. 


Mr. R. W. Ellard, 
Officers’ Mess, MPO 503, 
GRANDE CENTRE, Alta. 


has volunteered to be “Interim Secre- 
tary”. He will hold stocks of application 
Sevens and information about member- 
ship, and all enquiries should be ad- 
dressed to him. 


NEWS 
Toronto—Reported by M. D. Willer 
December Meeting 

“Research in Aviation Safety” was the 
title of an interesting illustrated address 
given at the fourth meeting of the cur- 
rent season by Mr. R. M. Woodham, 
Associate Director of the Cornell-Gug- 
genheim Aviation Safety Center, New 
York. 

Mr. Woodham divided his subject into 
three parts — the man, the machine and 
the medium — and reviewed the con- 
tributions that many sciences are making 
to aviation safety in each of these fields. 

Such devices as the centrifuge (which 
looks like the ultimate in midway rides! ) 
can expose a subject to as wide a range 
of stresses as the human body can stand. 
Much data is available to designers on 
the physiological and psychological limi- 
tations which have to be considered. 
Research has also shown that a consider- 
ably lower noise level was desirable for 
maximum human efficiency of ground 
crews working on jet type aircraft. The 
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speaker was most enthusiastic over the 
growing use of flight simulators used 
to teach and check crew reaction to 
emergency conditions in a_ simulated 
normal flight. 


Turning next to aviation safety re- 
search as applied to the machine, Mr. 
Woodham showed some very revealing 
pictures, notably some illustrating the 
poor field of vision available to the pilot 
in different aircraft and others showing 
research experiments into crash fires. 
Whilst unable, because of the number 
involved, to dwell long on each safety 
factor affecting the design of an aircraft, 
the speaker covered a wide field ranging 
from crew ejection equipment to re- 
liability as a function of the number of 
parts in an aircraft. Whilst agreeing that 
some increase in complexity was inevit- 
able, greater attention at the design stage 
could’ probably eliminate an appreciable 
measure of complexity. 


In the concluding part of the talk, 
many aspects of airport layout and 
ope ration were presented and the need 
for accurate weather forecasting was 
stressed. A picture showed the nose of 
an airliner that had been in a heavy 
hailstorm for only about one minute and 
was severely damaged, almost resulting 
in a fatal accident. 

Mr. Woodham pointed out that 1954 
statistics show that it was safer to fly 
on a scheduled airline than to travel by 
road or rail. 


In reply to questions which followed 
the address, the speaker affirmed that 
fuel rather than lubricating oils or hy- 
draulic fluids was a primary cause of 
aircraft fires and that kerosene, under 
certain conditions, was no less to blame 
than gasoline. Present thinking was that 
a high rate of discharge of extinguishant 
for a short time was more effective in 
putting out a fire than a fine spray, 
which tended more to damp a blaze 
temporarily than to extinguish it. He 
agreed that the wider use of Freon as 
an extinguishant was a possibility that 
would bear investigation. As to the use 
of rearward facing seats to reduce in- 
jury during aircraft crashes, it was the 
speaker's personal opinion that more data 
on dynamic loading conditions would 
have to be assembled befote a firm con- 
clusion could be drawn. Meanwhile, 
greater attention could well be given to 
the strength of cabin floors, seat attach- 
ment fittings, and the seats themselves. 


Regarding safety in pressurized cabins 
Mr. Woodham thought that the trend 
should be aw oy from larger windows 
With only a 2.5 pound pressure differ. 
ential between cabin and ambient pres- 
sures, a dummy in a seat near such 
window had been sucked through the 
opening when the window failed under 
test. 


January Meeting 


The speaker at the fifth meeting of 
the current series held at the University 
of Toronto Mining Building on January 
10th last, was Group a H. R. 
Foottit, R.C.A.F., A.M.T.S./DAE (Eng), 
“The Development of Air Power” was 
the subject of his enlightening and lively 
address. 


Air power, he stressed, was not jus 
the possession of a large number of air- 
craft; it embraced entirely new for 
of airborne weapon platforms. Air pow- 
er was dependent upon the development 
of the platforms, the weapons, the 
ground and communication facilities 
simultaneously with the training of the 
skilled personnel who would be charged 
with their operation. This presented ’ 
vast, time-consuming problem and time 
was of the essence. 


Turning specifically to the design and 
development of aircraft, the speaker i- 
lustrated his points by presenting some 
illuminating figures on the time taken 
to design and dev elop various categories 
of aircraft from the initial issue of the 
specification to the acceptance of the 
first aircraft by the Service. Comple: 
as the design ‘and development phase 
was, he felt that this time could and mus 
be reduced. In the development phat 
which followed the first flight of the 
first aircraft, for example, much time 
might be saved by the closer integration 
of development flying now carried out 
independently by the manufacturer and 
by the Service. 


He would like to see more reciproc# 
visits between the design teams and the 
crews who operate the equipment so that 
each could better appreciate the other 
fellow’s problems and the position that 
each occupied in the overall defence 
structure. Such dissemination of know 
ledge could be of great help. 

With the limited number of qualified 
personnel available, much duplication ot 
research could be avoided if it wet 
possible for a manufacturer to specialize 
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in one particular field. Thus, in a given 
time and with the same manpower, each 
manufacturer could proceed much fur- 
ther in his special line than all do at 
present. 

Group Captain Foottit, a tower of 
strength in the Institute since its early 
days, and no stranger to many of the 
members of the aircraft industry who 
were present, made his points diplomati- 
cally, and the reception accorded his 
address was both a tribute to its delivery 
and a measure of the warm regard in 
which he is personally held. 

Answering questions during the dis- 
cussion which followed the address, the 
speaker briefly described how a “run- 
ning summary” of the possible threat in 
our skies dictates the form our aerial 
defence should take. He agreed that the 
public should be educated to understand 
what was entailed in the development of 
an aircraft to appreciate how the defence 
dollar is used. Whilst not an advocate 
of aircraft manufacture as a government 
function, and agreeing that parallel re- 
search by manufacturers sparked com- 
petition, ‘he felt that we just could not 
afford to prodigally expend the talents 
of our limited number of skilled per- 
sonnel on parallel projects. 

If the government laid down the spe- 
cialized field in which any one com- 
pany’s research should be confined, he 
felt that some consideration, pecuniary 
and otherwise, might be giv en to protect 
the manufacturers’ interest and their 
stake in the future of aviation. 

Mr. J. C. Floyd thanked Group Cap- 
tain Foottit for his stimulating address 
and his skilful fielding during the ques- 
tion period, and the meeting was ad- 
journed reluctantly, like a thoroughly 
enjoyable family party where no one 
wants to end the fun and belatedly retire 
to bed. 


Vancouver—Reported by R. J. McWilliams 


January Meeting 

The Annual Joint S.A.E./C.A.I. Din- 
ner Meeting was preceded by a social 
period, the host for which was C.P.A.L. 
A total of 125 attended the meeting, the 
head table consisting of Mr. L. B. Mc- 
Pherson, Chairman S.A.E. Vancouver 
Section; Mr. J. D. Donaldson, the guest 
speaker; Mr. H. C. Luttman, Secretary, 
CALL Headquarters; Mr. H. D. 
Cameron, Chairman, C.A.I. Vancouver 
Branch; Mr. T. W. Siers, S.A.E. Avia- 
tion Committee; Mr. B. Trout, S.A.E. 
Secretary; Mr. R. J. McWilliams, C.A.L 
Vancouver Branch Secretary. 


Mr. L. B. McPherson opened the 
meeting by welcoming C.A.I. members 
of the Vancouver Branch, and in parti- 
cular Mr. H. C. Luttman, Secretary of 
the Institute. Mr. Luttman responded 
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Some of those attending the S.A.E./C.A.I. January Meeting in Vancouver. 


on behalf of C.A.I. and read to the 
meeting a telegram received from Mr. 
R. D. Richmond, President of the Insti- 
tute. 


Mr. McPherson then turned the meet- 
ing over to Mr. H. D. Cameron, who 
introduced the guest speaker, Mr. J. D. 
Donaldson, Asst. Manager of Commer- 
cial Sales, Convair, San Diego. Mr. 
Donaldson transferred to the Commer- 
cial Sales Department after ten years as 
aeronautical design specialist in the Con- 
vair—San Diego Engineering Depart- 
ment. Mr. Donaldson is a graduate of 
Oberlin College, and of the University 
of Pittsburg, and is a member of the 
I.A.S., the Am. Math. Assoc., the O.R.S.. 
and the S.A.E. 


Mr. Donaldson’s brief introduction of 
his subject “The Development of the 
Convair V.T.O. Aircraft”, was followed 
by the showing of a film “The Super- 
sonic Wedge”. The filming of flight 
tests of such aircraft as the Convair Sea- 
Dart and other late model Convair 
interceptors served to illustrate the 
characteristics of the delta-wing air- 
craft. The emphasis laid upon the high 
angle of attack necessary for maximum 
lift hinted at the solution of the transi- 
tion problem which has to be faced with 
a V.T.O. aircraft. 


Entering the body of his talk Mr. 
Donaldson explained how the develop- 
ment of the gas turbine engine had 
made possible the design of the V.T.O. 
aircraft. For a number of reasons, not 
the least of which was the superior fuel 
consumption, and the uses made of the 


propellor stream, the propellor turbine 
combination was chosen for the aircraft. 
To provide the necessary power, two 
axial flow gas turbine engines are geared 
together to drive contra- rotating pro- 
pellors. To absorb the power necessary 
for vertical take-off special propellors 
were developed, sixteen feet in diameter. 
The design of such a propellor present- 
ed interesting problems, the result was 
a compromise best suited to meet both 
take-off and cruise requirements. 

Since approximately 60% of the out- 
put of a gas turbine engine is required 
to drive the compressor, failure of one 
power plant would be disastrous, since 
the remaining power plant would, due 
to the gearing, be required to drive 
two compressors. Convair is currently 
engaged in the development of a de- 
clutching arrangement, which wil] 
provide a fail safe device in the event 
of engine failure. 

Due to the instability problems en- 
countered at high speeds Convair chose 
a 60% delta as best suited for this con- 
figuration. Take-off is accomplished by 
producing thrust in excess of weight. 
Control at slow speeds, in the vertical 
position, is facilitated by the propellor 
stream through the means of the rudders 
and the elevons. Transition from the 
vertical to the horizontal attitude is 
facilitated by the excess thrust available 
and the lift characteristics of the delta 
wing. Maximum lift is produced at a 
45° angle of attack. As the aircraft 
assumes the climbing attitude more 
thrust is available to produce forward 
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speed, as the wing assumes responsibility 
for counteracting weight. 

In the approach configuration the re- 
verse is true as the aircraft makes a 
normal approach, flares out, climbs with 
increasing power until thrust equals 
weight, when the landing is accomplish- 
ed by the appropriate decrease of thrust 
until the aircraft touches down upon 
the four shock struts located at the 
extremities of the rudders and wings. 

Some concern for the effects of jet 
bounce upon control, as the aircraft 
approaches the ground, had been ex- 
pressed in the design stage. The prob- 
lem did not materialize on flight test, 
there was no effect at all until the 
aircraft was within a few inches of the 
ground, at which time it could sink to 
a landing without ill effects. 

The transition phases had presented 
certain problems, none of which had 
proven insurmountable. In the vertical 
position the pilot’s seat tilts forward 
some 45°; after which it is reclined to 
the normal attitude. The prone position 
had been tried but discarded due to the 
physical discomfort to the pilot in 
normal horizontal flight. Suitable instru- 
mentation for the requirements of hori- 
zontal and vertical attitudes had been 
developed. The control system was 
modified after it was found that the 
weight of the controls produced certain 
undesirable characteristics with the 
aircraft in the vertical position. 

From the operational point of view 
it was interesting to note that only one 
pilot was fully trained for the aircraft. 
After attempt at free flight training 
they had returned to tethered rig train- 
ing. In horizontal flight the aircraft 
handles much the same as a conventional 
aircraft. In the final descent it was 
found that the aircraft could be man- 
euvered in any direction by normal 
operation of the controls. In view of 
the critical descent phase, special atten- 
tion was given to the design of a suitable 
ejection seat and parachute. The pilot 
can eject himself at any height above 
100 ft. Below that height it is too late? 

The various points developed by the 
speaker were then illustrated in a very 
impressive and adequate manner by the 
showing of a film, “The First Tran- 
sitional Flight”. We were most impres- 
sed by the take-off characteristics of 
the aircraft, and with the smooth 
transition from the approach to the 
landing attitude. 

The appreciation of the audience 
was expressed by the lively question 
period which followed. The adroit and 
informative manner in which Mr. 
Donaldson dealt with a subject which 
was classified left a lasting impression 
on his audience. 
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Our Speaker was thanked by Mr, N. 
Phillips, S.A.E., and the meeting ad- 
yourned at 10:30. 


Edmonton—Reported by H. E. Davenport 
January Meeting 


The Inaugural Meeting of the C.A.I. 
Edmonton Branch was held on January 
13, 1956, and in all respects was most 
successful. It is interesting to note that 
as the result of the elections for the 
Executive Committee, a condition exist- 
ed wherein W/C J. G. Portlock and 
Mr. C. C. Young tied for the office of 
Chairman. This dilemma was demo- 
cratically solved by a draw which 
gave W/C Portlock the Chair. The 


Executive Committee are as follows:- 


Chairman W/C J. G. Portlock 
Vice-Chairman G/C J. R. Frizzle 
Secretary H. E. Davenport 
Treasurer W. Lloyd 


We were fortunate in having the 
Secretary of the Institute, Mr. H. C. 
Luttman, as guest speaker. Mr. Luttman 
gave an informative talk on the struc- 
ture, policy and aims of the C.A.I. with 
a question period following. 

Thirty-three members and guests 
were present and at the conclusion of 
the meeting a most pleasant evening 
ensued. An excellent buffet was provid- 
ed which contributed greatly to the 
success of this first meeting. ; 


Ottawa—Reported by Dr. A. Jaworski 
January Meeting 


The first 1956 meeting of the Ottawa 
Branch of the Institute was held at the 
Beaver Barracks at 8.30 p-m., Wednes- 
day, January 11. 

There were over sixty members and 
guests present. 

The Chairman of the Branch, Mr. 
J. L. Orr, opened the meeting with good 
news; the membership of the Ottawa 
Branch has attained the two-hundred 
mark. 

The formal introduction of the speak- 
er, Professor T. R. Loudon, was made 
by G/C D. M. Holman. Professor 
Loudon’s subject, “Training the En- 
gineer” was supported by a survey pre- 
sented by S/L G. B. Waterman and pre- 
pared by S/L Waterman and Mr. R. B. 
Ferris. 

Professor Loudon’s main contention 
was that engineering education must be 
a joint effort of university and industry; 
the former must bring the student to a 
level from which he can start post- 
graduate work, whereas industry must 
provide the necessary specialization. It 
was noted by the speaker that recently 
some progressive industries in Canada 
have: granted to their employees full 
financial backing for post - graduate 
study. 


Unfortunately some students enter 
university are ill-prepared and do ng 
realize that an engineering course fp. 
quires hard work. Furthermore some of 
their parents take an indifferent attitud 
when, due to the hard work involved, 
the students do not want to continue 
their studies. Although the facilities for 
the engineering course at the University 
of Toronto are overcrowded, according 
to the present regulations, all students 
from Grade 13 must be taken in without 
any entrance examination. When 4l 
these adverse factors are added Up, it is 
small wonder the losses during the 
course are often as high as 25% to 304, 
of the entrance totals. Professor Loudon 
suggested that some students might ob- 
tain guidance about their capabilities for 
the engineering course by taking apt 
tude tests but he warned against too 
great reliance on such tests. 

To obtain practical experience, Pro- 
fessor Loudon recommended that stu- 
dents should use their 
taking jobs in industry. However, to 
make such a scheme workable in this 
country, co-operation of the whole in- 
dustry, including trades unions, is essen- 
tial. 

Mr. Ferris and S/L Waterman, 
aeronautical engineering graduates from 
the University of Toronto, had con- 
ducted a survey among their colleagues 
who graduated in 1948-49-50. The re- 
sponse to the questionnaire which they 
had sent to a total number of 127 grad- 
uates was quite good; 93, or 73% of the 
total replied. 

It was noted that the percentage of 
veterans in the 3 graduate classes was 
fairly high; 50%, 93% and 81% respec- 
tively. This accounts for the fact that 
the average age of the graduates was 
high too; 24.3, 25.8 and 26.7 respectively. 
These circumstances made the survey 
perhaps not altogether typical of normal 
conditions. 

Among the large number of statistics 
produced by this survey, perhaps the 
following are the most interesting. 

1. The 93 engineers who replied could 
be divided into the following 
groups: 

Canadian, aviation industry 
American aviation industry 
Canadian military service 
Employed outside North 
America ; 
Not employed in aviation 

2. The average salaries by years of 
graduation of the 77  engineefs 
working in aviation on this com 
tinent (Canada and the United 
States) are as follows: 


1955 ‘umber 
Salary ae 


$6460 14 
6230 38 
6130 25 


Starting 
Salary 
$2930 

3200 


3390 


Graduation 
Year 
1948 
1949 


1950 
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The overall average for Canada 
only amounts to about $6,000 for 
the graduates in the R.C.A.F. or 
R.C.N., and to $5,980 for those in 
industry. 

. Of the 93 replies to the question 
about the opportunity for future 
advancement in Canadian aviation, 
25% said that they did not think 
that there was very great oppor- 
tunity. This seems to be a high pro- 
portion of pessimists. (63% thought 
that there was a good opportunity 


and the “Don’t knows” accounted 
for the remaining 12%.) 

During the discussion, it was pointed 
out that industry, having an actual short- 
age of personnel properly trained on the 
foreman’s level, is in some_ instances 
assigning university graduates to fill the 
gap; this is a waste of university training 
and usually the graduates are not suitable 
due to the lack of practical experience. 
In reply Professor Loudon admitted this 
shortage although he pointed out that 


SUSTAINING MEMBERS 


NEW SUSTAINING MEMBERS 


.- following Companies have joined 
the Institute as Sustaining Members: 


Moffats Limited (Aveo of Canada) 


MeMillan Industrial Corporation 


NEWS 

Canadian Aviation Electronics Ltd., 
Quebec Branch will operate from a 
newly constructed 19,000 sq. ft. building 
in Ville St. Laurent in the near future. 
This announcement follows closely on 
the report of the Company’s new build- 
ing in Vancouver, which appeared in 
the last issue of the Journal. 


Data Processing Associates Ltd. has 
been appointed the Canadian engineering 
and sales representatives of the Tele- 
computing Corporation of North Holly- 
wood, California. The Telecomputing 
Corporation is a pioneer in the design 
and manufacture of electronic data 
processing equipment and has systems in 
ue in England, Australia and France. 
The growth of Canadian industry and 
research groups has rendered closer 
liaison with Canada desirable, and this 
liaison can be effected through Data 
Processing Associates Ltd. 


De Havilland Aircraft of Canada Ltd. 
has issued the following statement about 
the incident which delayed the flight of 
the Comet III from Montreal to England 
on the 22nd December. 

“The jet tail pipe became detached 
due to giving away of the bolts holding 
the clamping ring which secures the tail 
pipe to the engine. 
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The reason for the giving away of the 
bolts is under investigation and a state- 
ment will be issued immediately the 
cause is officially known. It can be 
definitely stated however, that the sug- 
gestion which was advanced regarding 
extreme temperature changes as a pos- 
sible cause of the trouble is officially 
denied. 

Immediately the incident occurred and 
before any detailed inspection could be 
carried out, it was decided purely as a 
matter of precaution, to air freight 
another engine out from England. This 
was not used, and has since been re- 
turned to England via a Seaboard and 
Western Airlines cargo plane. 

The trouble encountered was of a 
very minor nature, a statement which is 
borne out by the fact that the Comet 
took off and flew from Montreal to 
Toronto on three engines to have the 
repairs carried out at the deHavilland 
Canada factory on December 23rd, and, 
despite the interruption of the Christ- 
mas holidays, left Toronto on the first 
leg of the return trip to U.K. during 
the forenoon of December 27th.” 

No statement regarding the cause of 
the bolt failure has yet been released. 


Field Aviation Co. Ltd. is expanding 
its facilities and activities in the promo- 
tion and servicing of business aircraft. 
It is noted that business flying in the 
U.S.A. last year exceeded by 25% all 
flying done by scheduled and non- 
scheduled aircraft and the American 
fleet of business aircraft is almost 17 
times larger than the nation’s entire fleet 


the Calgary Institute provides excellent 
training in this field. 

It was also pointed out during the dis- 
cussion that not a single person from 
industry has joined the research team 
of the National Research Council Aero- 
dynamic Division, and about 25% of 
those who have left the Division have 
gone to the United States. 

At the conclusion of the discussion, 
the speakers were thanked, on behalf of 
the Branch, by G/C K. C. MacLure. 
The meeting adjourned at 11.00 p.m. 


of domestic airliners. Probably the 
Canadian figures cannot compare with 
these, despite the enormous opportunity 
for business aircraft which Canada offers. 

Field Aviation has acquired a hangar 
at Calgary to service business aircraft 
in the area. 


Minneapolis-Honeywell Regulator Co. 
Ltd. has opened a branch office in 
Regina. This is the 15th branch of the 
Company in Canada. 


PSC Applied Research Ltd. draws 
attention to the discovery of the large 
Tellnes deposit of good quality itmenite, 
in south west Norway. This important 
discovery was effected with the aid of 
the magnetometer developed and manu- 
factured by PSC Applied Research and 
used in the survey by Hunting Geo- 
physics Ltd. of England. It was a par- 
ticularly difficult survey to carry out, 
due to the nature of the country, and 
PSC Applied Research Ltd. is justly 
proud of the performance of their equip- 
ment. 


LETTERHEAD EMBLEMS 


Sustaining Members are reminded 
that half-inch diameter cuts of the 
C.A.I. emblem, as above, may be 
obtained without charge on appli- 
cation to the Secretary. 





MEMBERS 


ADVANCEMENT IN GRADE 


ee of application for advancement 
in grade of membership are now 
available and may be 
C.A.I. Headquarters. 


obtained from 


LAPEL PINS 


Members of the C.A.I. are entitled to 
wear the official lapel pin. Pins may be 
obtained, at $1.00 each, from Branch 
Secretaries or from C.A.I. Headquarters. 


NEWS 

Dr. G. N. Patterson, F.C.A.I., Director 
of the Institute of Aerophysics, Toronto 
has been elected a Fellow of the Insti- 
tute of the Aeronautical Sciences. Dr. 
Patterson served on the Council of the 
C.A.I. in 1954-55. 

Dr. E. R. Sharp, A.F.C.A.I., Director 
of the Lewis Flight Propulsion Labora- 
tory of the N.A.C.A. has been elected 
President of the Institute of the 


Aeronautical Sciences. He took office 
at the L.A.S. Honors Night Dinner 
on the 23rd January. Many members of 
the C.A.I. will remember him as the 
official representative of the I.A.S. at the 
International Meeting held in Ottawa 
last November. 


F/L W. H. Casley, M.C.A.I., formerly 
of the Directorate of Aircraft Engineer- 
inf A.F.H.Q. Ottawa, has been trans- 
ferred to R.C.A.F. Fighter Wing at 
Marville, France. 

F. R. Charles, M.C.A.I., has been ap- 
pointed Chief of the Patents Section of 
the National Research Council. 


W/C J. W. MeNee, M.C.A.I.,. who 
retired recently from the R.C.A.F. has 
been appointed Executive Director of 
the Narcotics Addiction Foundation of 
B.C. 

H. M. Nerriere, M.C.A.I., of Orenda 
Engines Ltd., has been appointed Senior 


MeCURDY AWARD 


The McCurdy Award will be presented at the Annual General Meeting on 
the 3rd - 4th May, 1956. 


It is presented each year 
To A Resident of Canada, 


For Achievement in design, manufacture or maintenance related to aeronautics. 


NOMINATIONS ARE INVITED 


Each nomination should include 


(a) 
(b) 
(c) 


(d) 


The nomtinee need not be a member of the C.A.l. and the achievement need not have taken 


The name and affiliation of the nominee, 
Confirmation that he is a resident of Canada, 


A citation of the particular achievement for which the nomination is 
being put forward, and 


The name of the nominator. 


place within the last year, though it should be recent. 


Nominations should be in the hands of the Secretary not later than the 12th March, on which 
date they will be handed over to the McCurdy Award Selection Committee. 


Representative in the R.CAF. Aj 


Division in France. 


R. S. Willis, M.C.A.I., of Oreni 
Engines Ltd. has been transferred fron 
Malton to the post of Orenda Engine f 
Repair and Overhaul Engineering Repre. § 
sentative at Armstrong Siddely (Broci. 
worth) Ltd., replacing 


J. W. Reid, Technical Member, ;j} 
Orenda Engines Ltd., who has bea 
posted from Armstrong Siddely (Brock. 
worth) Ltd. to the R.C.A.F. Air Defence 
Headquarters at Metz. 


DEATHS 


It is with deep regret that we leam 
of the death, on the 15th December, of F 
Captain A. G. Lamplugh, M.C.A.L., of th & 
British Aviation Insurance Co. Ltd.; ani f 
of H. Neville, M.C.A.I., of the Quality 
Control Department of Canadair Limited 
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